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1.0 INTRODUCTION 


1.1 PURPOSE 

This document provides a concise but complete system description for the preferred concept SPS 

developed by the Solar Power Satellite System Definition Study (Contract NAS9-15196)* 

1.2 RATIONALE FOR SELECTION 

The selection rationale was dominated by a desire to develop as much credibility and technical con- 
fidence in the results as could be achieved within the study resources available and within the under- 
standing of the required technology. Significant selection decisions included the following: 

1 . Sin^e crystal silicon solar cells 

2. Glass encapsulated solar cell blankets 

3. Concentration ratio 1 

4. Graphite composite materials for primary structure 

5. Electric propulsion for attitude control 

6. Klystron RF amplifier tubes for the transmitter 

7. One kilometer diameter transmitter with a design transmission link output power of 5,000 
megawatts 

8. C onstruction in low earth orbit with self-powered transfer of satellite modules to geosynchron- 
ous orbit- 

9. Two-stage winged fully reusable rocket vehicle for transportation to low^ earth orbit. 

Rationales for these were as follows: 

1 . Single cry stal silicon solar cells were selected because their technology base is considerably 
more advanced than the alternatives. Promising alternatives include thin film gallium arsenide 
and other thin film materials. However, silicon cells nearing the performance levels desired for 
SPS are presently in experimental production. The paths to achieve the SPS level have been 
largely demonstrated experimentally. Even with this comparatively conservative technology 
selection, a substantial technology advancement must be accomplished in order to make the 
SPS system practical. Significant advancements include achievement of the desired perform- 
ance level in production cells, selection of production processes and their automation, imple- 
mentation of adequate capacity low cost silicon solar cell production, and implementation of 
SPS solar blanket production on an adequate scale. These technical challenges are sufficiently 
great that selection of a design requiring even further advances was felt to result in a lack of 
confidence in results. The more advanced technologies, however, would likely lead to improve- 
ments in SPS cost characteristics later in the program. 
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2. Glass encapsulation of the cells in the blanket was selected because this avoids life limitations 
that may exist for plastic materials and potential problems with darkening of adhesives. 

It also provides better radiation protection for the solar cells and is compatible with directed 
energy annealing of the solar blanket* should that be required. 

3. Concentration ratio I was selected because low cost solar cells drive the concentration ratio 
trade to cltmination of concentrators, because of the simplicity of the concentration ratio 1 
configuration. Solar cells expensive enough to give a significant advantage to concentration 
lead to an overall cost pa‘fea*nce for thermal engine systems. 

4. The primars^ reason for selecting graphite composite materials for the SPS main structure was 
their achievability of ver>^ low thermal CiH'fficicnts of expansion. Tliis is highly desirable 
because the very low structural frequencies of an SPS satellite lead to significant concerns 
n'latcd to the dynamic effects of temperature changes due to changes in sun illumination. 

5. Tlie selection of klystron tubes as the power amplifiers for the microwave power transmitter 
was largely arbitrary', Barlier studios had concentrated on ampliiron cix>ssed-fielu amplifiers 
and it was desired to bring an understanding of the klystron system up to a comparable level. 
The klystron tube appears to be more tlcxiblc in 0 |X'ration than the amplitron tube and could 
lead to advantages in situations where control of the SPS power level is desired for load follow- 
ing or other reasons. C onsiderable intea*st has been expassed in solid stale amplifiers but no 
solid slate amplifier technology pa'scntly in the laboratory is adequate. The principal diffi- 
culty arises from the fact that solid state amplifiers must be operated at low temperatures (e.g., 

Hus leads to severe limitations on the amount of power that can be transmitted w ith- 
out exceeding the allowable temperature limits on the solid state devices due to waste heat 
Ihermal rejection temperatures, l or example, a one kilometer diameter power transmitter 
using silicon solid state devices could probably not handle more than about I to V : gigawatts 
of electrical input power. Si/c sensitivity analyses have indicated that SPS's with transmitters 
tn this power range incur a significant penalty in terms of high capital cost. 

0. I he selection of the 5,00U megawatt power level per link aiu! the 1 kilometer transmitter tem- 
perature resulted from a si/c sensitivity analysis reported in Appendix A of the book. The 
minimum system eosi in terms of dollars per kilowatts of generating capacity occurs at this 
power level Die cost penalties for reducing this power level are relatively minor down to 
about 3.0(H) megawatts. Below 3,000 megawatts the penalties increase much more rapidly. 
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7. Construction in low earth orbit was selected because the availability of the electric propulsion 
mode reduces the number of launch vehicle flights by factor of approximately two. This 
reduction causes a reduction in transportation cost that overshadows the costs a^ociated with 
increased complexity of the electric propulsion transfer mode. 

8. Selection of the two^tage winged rocket launch vehicle occurred after an extended analysis 
and comparison of winged and ballistic single-stage and two-stage options. The single-stage 
options were technically marginal with the level of technology presumed available. The two- 
sta^ win^d and two-stage ballistic options were essentially equal in cost as reported in earlier 
documentation. The winged system is believed to represent less of an operational challenge 
and would probably be less subject to vehicle attrition in landing accidents 

I J DOCUMENT DESCRIPTION 

This document is o^gani^ed to the current SPS work breakdown structure. The work breakdow n 
structure is hardware-software oriented and it encompasses all elements of an SPS program, A sum- 
mary^ of the work breakdown structure is presented in Figure 1-1 . The system description is pre- 
sented under each WBS item in four sub-headings. First is the work breakdown structure dictionaiy^ 
and description of what is included under the WBS item. Next is a description of the hardware or 
software item, followed by a description of the item mass when applicable, and finally, a descrip- 
tion of the item cost. Description, mass, and cost summaries are provided at the higher WBS levels. 



• SUPPORT SUBSYSTEMS 

• ENERGY COLLECTION 

• ENERGY CONVERSION 

• POWER DISTRIBUTION 

• MICROWAVE POWER 
TRANSMISSION 


• REAL ESTATE 

• CONTROL AND 
COMMUNICATION 

• PRIMARY STRUCTURE 

• ENERGY COLLECTION 

• POWER DISTRIBUTION 
AND PROCESSING 


« LOW ORBIT BASES 

• GEOSYNCHRONOUS 
BASES 

• MOBILE MAINTENANCE 
BASES 

• SATELLITE-BASED * 

maintenance 

EQUIPMENT 

• OPERATIONSANO 
SUPPORT 


• CARGO LAUNCH 
VEHICLE 

• PERSONNEL 
LAUNCH VEHICLE 

• ORBIT TRANSFER 
VEHICLE 

• SPS-INSTALLED 
ORBIT TRANSFER 
SYSTEMS 


Figure 1-1 SPS Work Breakdown Structure 
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PRECEDING PAGE BLANK NOT FlLMEOf 
2.0 SYSTEM DESCRIPTION 


WBS 1 .0 SPS Program 

This study concentrated on analysis and description of operational SPS systems with a nominal gen- 
erating capacity of 10.000 megawatts delivered through two RF power transmission links each rated 
at SOOO megawatts. Various rates of installation of these systems were considered with principal 
effort directed towards the installation rate of one per year. The complete operational SPS system 
includes the satellites, their ground receiving stations, space construction systems for completion for 
the satellites in space, space transportation systems for movement of SPS, other cargo and crews 
into space and into the final operational location, and miscellaneous support functions carried 
under these WBS items. 


WBS 1.0.1 Program Integration 
WBS Dictionary 

This element includes those aspects of operating a commercial SPS system that cannot be conven- 
iently accounted at the individual solar power satellite level or under the construction and trans- 
portation work breakdown structure items. An example of such an item might be governmental 
regulatory functions applicable to solar power satellite systems. 

Description 

No effort was expended under this study effort to identify or characterize any system elements that 
might apply to this WBS item. 

WBS 1.0.2 Space Traffic Control 

WBS Dictionary 

This element applies to space traffic control operations that would function as an overall controlling 
element for the fieet of solar power satellites and their associated snace operations systems includ- 
ing construction bases and transportation vehicles. This element would inciude tracking and mon- 
itoring functions as well as computing and control functions as necessary !u maintain all system 
elements in safe and non-interfering orbits. 


Description 

No effort was expended under this study to identify space traffic control systems. An analyses was 
performed of collison hazards and potential wcrkarcunds. These results are reported in Volume 5 
of the Part 11 final report. 
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(VRbding page ieank not FOia# ' 

1.1 Solar Power SateiUte 
WBS Dictionary 

This element includes all hardware and re^dent software for operation of the solar power satellite. 
Maintenance equipment readent on the satellite is separately described under element 1 .3.4, but is 
included in the summary SPS mass statement. 

Elnnent Description 

The reference configuration illustrated in Figure 1 . 1 .0-1 is a photovoltaic SPS (without solar con- 
centrators) employing glass-encapsulated single-crystal silicon solar blankets. The nominal ground 
output is 10,000 megawatts through two power transmission links each rated at 5000 megawatts. 

A summary of the efficiency chain and sizing requirements are presented in Tables 1 . 1 .0-1 and 

1 . 1 . 0 - 2 . 

Element Mass 

The element mass summary is presented in Table 1 . 1 .0-3. This summary does not include item 
1.3.4, satellite-based maintenance equipment. Mass estimating factors and/or rationales are given 
under the lower level element entries. The mass powth allowance was derived from the uncertainty 
analysis conducted in Part 11. About 2/3 of the identified mass increase (relative to Part II) was 
incurred due to normalizing the SPS to 10,000 megawatts (the Part III reference design output was 
9300 megawatts); this power deficiency was included in the Part II growth allowance, as illustrated 
in figure 1 .1 .0-2. The other 1/3 was a result of design changes not included in the growth allow- 
ance, and represents an increase in predicted mass with growth. The result was a slight downward 
revision of the predicted mass powth with upward revision of identified and predicted masses. 

Element Cost 

The updated SPS cost summary is shown in Table 1 . 1 .04. The cost estimating factors are described 
under lower level elements. 

WBS 1 . 1 . 1 Support Subsystems 

WBS Dictionary 

Support subsystems are those subsystems on the solar power satellite that are not specifically 
allocatable to energy collection, energy conversion, power distribution or power transmission. They 
include primary structure, attitude control, central computing complex, communications, antenna 
yokes, and turntables. These items are described under the sub-headi 'gs below. 
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TOTAL SOLAR CELL AREA: 101.8 km2 

TOTAL ARRAY AREA: 1 10J km2 

TOTAL SATELLITE AREA: 1 14.5 km2 

OUTPUT: 1&»3 GW MINIMUM TO SLIPRINGS 


F^re 1 . 1 .0-1 Photovoltik Refeience Con%uration (5,000 MW Output Each Transmitter) 


Tabte 1.1. 0-1 Nominal Efficiency Chaim Photovoltaic SPS 

M-ICS3 ^ 


ITEM 

.SCREEN BOOK 

CURRENT 

NOMINAL 

REASON TOR DIFFERENCE 

SUMMER SOLSTICE FACTOR 

NOT INCLUDED 

.9765 

] THESE WERE INCLUDED IN 

COSINE LOSS (POP) 

NOT INCLUDED 

.919 

1 ENERGY INTENSITY ON SPS 

SOLAR CELL EFFICIENCY 


.173 I 



RADIATION DEGRADATION 


.97 



TEMPERATURE DEGRADATION 

0,103 

.954 

K 0.151 

SLIGHTLY BETTER CELL; CR - 1 

COVER UV DEGRADATION 


.956 



CELL TO CELL MISMATCH 


.99 J 



PANEL LOST AREA 

NOT INCLUDED 

.^1 


STRING |2r 

.92 

.998 

.932 

DISTRIBUTION OPTIMIZATION 

BUS I^R 


.934 



ROTARY JOINT 

1.0 

1.0 


ANTENNA POWER OISTR 

.98 

.97 

PROCESSING & TEMPERATURE 

DC RECONVERSION 

.87 

.85 

VARIAN ESTIMATE 

WAVEGUIDE |2r 

.9S 



IDEAL BEAM 


.965 ] 


INTER SUBARRAY ERRORS 

.88 

.950 

.86* 

INTRA SUBARRAY EFFECTS 

INTRA SUBARRAY ERRORS 


.981 

1 

NOT INCLUDED IN GREEN 

ATMOSPHERE ABSORP. 

.98 

.98 f 

BOOK 

INTERCEPT EFFICIENCY 




RECTENNARF DC 

.90 

.89 

NUMERICAL INTEGRATION 

GRID INTERFACING 

.99 

.97 

INCLUDES DC-DC PROCESSORS 

PRODUCTS/SUMS 

.0608 

.0712 


SIZES (Km2) 


108.8 



* INCLUDES INTERCEPT EFFICIENCY 
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WlSl.l.t.t PriMMvStattctnre 
WBSDictioMiy 

TUs adiides lA stractoHc lAidi is iM>t imiqiie to one of the mqor sy^ms teneiiy cottectioo, coo* 
vomoOf dtsottw^m or to^Mnkston). This io^hKks attach p^nts/futtmes for the major systems. 

The refeieiKe sateliite cmififuratKm wm ttustrated in Figure 1.1.0-!. The sateltite b c<mi{ms^ of 
Z56 toys, rach 667.5 netets square. The bays are arranged eight wide thirty-two long to provide 
an aspect ratio of four. 

It sns attractive to use a modular structural concept for c<Hi$tr^tk>n in LEO with tru^fer and final 
assembly in GEO. The settle was sectkmed into eight modules of equal aze. each module b four 
bays by e^t bays. When joiired along e^t bay ed^. tt^ desir^ satellite ctmflguratitm b formed. 

A typt^ module was used to perform a loads analysb to identify the critteal beams. The basic 
structure omfiguration of the module b shown in Figure 1.1 .1-1 with typical beam lengths dtown 
in Figure 1 .1 . 1-2. Tlie critical beams, upper surface beams in bending, were noted and the structure 
was siz^ accordingly. The edge load (3.5 N/M) on these members b the readt of array catenary 
loading on the primary structural beams. 

A to pical rection of 7.5 meter beam b diown. in Figure 1 .1 .1-3, with end-fitting and loading points 
noted. Thb beam b fabricated by a continuous chord process which will be discu^d in section 1 .3. 
The element configuration for thb beam, with basic dimensions and materials, b shown in Figure 
1.1. 1-4. 

The end-fitting diown in Figure' 1 . 1 . 1 -4 is that for a centroidal-joint. beam-to-bemn ctmnector. An 
illustration of an edge intersection, using thb approach, b shown in Figure 1 . 1 .1-5. Thb type 
of foint peimits centroidal beam-to-beam load transmittal and b also consistent with current con- 
struction techniques and construction facility sizing. 

Ekmenf Mass 

The final primary structural ma» estimate b shown in Table I . I , l-I and a comparison of the Part II 
final mass estimate. The incr'ase in ma^, from the Pan il final, b broken into two categories; that 
resulting from increased bay size to normalize power output (6.1 percent); and that resulting from a 
change to continuous chord beams (93.9 percent). 
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F%imc 1.1.1*3 Omtemys Choid Bem Abroach 



MATERIAL: M700 GRAPHITE (POLY5ULFONE MI9REC) 

E-181 GLASS COVER 

BEAM: IVIOTH-7^ 

BATTEN SPACING-7 An 
MASS/LENGTH-6 Al kg/m 

Figure 1 .1 .1-4 Contfanious Chotd/Batten Configtnatioii 
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Element Cost 

The cost estimating factor used for primary structural members is SS$/kg. This factor was based on 
mature industry projections and was verified by detailed manufacturing and fabrication analysis. 

The updated SPS cost summary was ^lown in Table 1 . 1 .0-4. 

WBSl.1.1.2 Attitude Control 

WBSDictiowy 

The attitude centred subsystem includes all operational elements and software required to maintain 
orbit station keeping and attitude control of the SPS in the operational orbit or to establish attitude 
control from an initially uncontrolled condition. 

Descr^tmn 

The attitude control system is an electric propulsion system with four installations, one at each 
comer of the SPS energy conversion system. A typical comer installation is illustrated in Figure 
1 .1 .1-6 (blue book). The attitude control system includes thrusters, power processors, structure, 
propellant feed and control systems and instrumentation and control. 

Mass 

A mass summary' of the attitude control system is given in Table 1 . 1 . 1 -2. This mass estimate is based 
on Part 11 results described in Volumes 5 and 6 of the Part 11 Final Report. 

Cost 

A cost summary for the attitude control system is given in Table 1.1 .1-3. The cost data represents 
an update from the Part II Final Report results given in Volume 6. 

WBS 1.1. 1.2.1 Thrusters 

WBS Dictionary 

nirusters include the primary electric thrusters for maintenance of attitude control, and auxiliary 
chemical thrusters required for establishment of attitude control when electric power is not gener- 
ated by the SPS. 

Description 

The electric thrusters are 1(K) centimeter diameter ion thrusters operated on argon as primary pro- 
pellant. A typical thruster is illustrated in Figure 1.1 .1-7. Perfonnance characteristics for such a 
thruster are illustrated in Figure 1.I.1-8. Chemical thrusters are small pressure-fed oxygen/hydrogen 
thrusters operating at a mixture ratio of 4 to 1 with a specific impulse of approximately 400 sec- 
onds. Illustrations or technical details for these thrusters were not deselopcd. They would represent 
a negligible mass, volume, or cost contribution to the attitude control system. 
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ELECTRIC THRUSTERS 

• 4 PANELS (ONE AT EACH CORNER) 

• THRUST/PANEL - 150N 

• 25 OPERATING THRUSTERS/PAHEL 
(40 TOTAL) 


* I 


SP 


20,000 SEC 


• ARGON PROPELLANT 
(41,000 - 80,000 Kg/YEAR) 

• OPERATING LIFE - 2 YEARS 
(0,5 DUTY CYCLE AND 80A BEAN 

■yoke CURRENT) 

CHEMICAL THRUSTERS (L0?/LHy) 

• CONTROL DURING EOUINOHAL 
OCCULTATIONS 
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SP 


400 


1500 - 3000 KG/YEAR 


Figure 1.1. 1«6 SPS Systems Definition Status Report 
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Table 1.1.1*2 FH^t Contn^ System Mim 


THRUSTERS SO k| R Ml X 4 CORNER 

m 

8.000 ka 

PROCESSORS 15.583 kax 12 

m 

187.000 

INSTL • 15TOHttx4 

m 

60.000 

TANKS 14T0NSX4 

m 

6,000 

CONTROL 


2 



263 TONS 

PLI^ AfMUAL raOPELLANT 


60 



323 TONS 


Table 1.1. 1-3 Fl%ht Controb Sy^em C<»t 


THRUSTERS 160 X $10,000* 

« S 1.6 MILLION 

PROCESSORS S3.57M EM:H X 12 

= $42.84 MILLION 

If^TALLATION 

= ^.0 MILLION 

TANKS 

« $ 5.8 MILLION 

CCmTROL 

» $12.6 MILLION 


$85.0 MILLION 


*LOWCOST RESULTS FROM COMMONALITY WITH ORBIT TRANSFER THRUSTERS. 
THEY ARE THE SAME EXCEPT FOR ACCELERATION VOLTAGE AND OPTICS. 


17 







THPumn mw’t pomn •KtLOwiAmi 


D180-2407I-1 




I 



i 

< 

i 

i 


F^-e 120 CM Afgon Ion Thnister 


i 


i 



mcirtc ivniist istcoNost 


F^urc l.I.I-S 1 20-CM Argon loo Thiusler Perfotnuincc 


i 

i 

i 

i 

i 

i 

i 

i 


i 


18 


D1^2407M 


Mass 

Electric thruster mass was estimated at 50 kilopmns each based on extrapolations from the 30 
centimeter thrusters presently in experimental production 

Cost 

The thruster cost estimate was derived from an electro*mechanical cost estimating relationship and 
a matutc industry extrapolation. A cost check was made between this result and a cost estimate 
provided to NASA by the thruster manufacturer (Hughes! with good agreement. 

WBS IJJ.2,2 Power Processors 

WBS Dictionary 

The power processor element includes all power proce^ing required to convert the SPS‘generated 
electrical power (at 40.0(K) volts! to the voltages and conditions requir'd by the attitude control 
system, including thnister requirements, control requirements, as well as computing and other 
requirements. 

Description 

Power processors are solid state electronic processors that converf the 40.0(H) volts from the SPS to 
the lower voltages a'quiivd by thrusters and other equipment I hcre are a total of I , processors, 
three at each comer 

Mass 

Mass of each power processor was estimated as 1 5.5S3 kilograms based on a mass scaling relation- 
>hip of I kilograms per kilowatt t his estimate includes the Ihcnnal control that would be 
required for these processors. 


Cost 

Each processor was estimated to cost S.^ 5“* million dollars based on a mature industry scaling from 
cost estimate prvqec livens derived k>r similar hardware m commercial produciion This is about 
$:30 kg. 

WBS 1.1. 1.2. 3 Structure and Insinllation Hardware 
WBS Dictionary 

TIun element includes all sfruciure and attitude control mstallation hardware not accounted for 
under other WHS items As such, it mchules all structural Ci|Uipment and standoffs added to the 
basic SPS strucuire to mount the aUiUule cv>mrol systems. Also included are secondary structure 
for suppoii of propellant tanks and v>lhei equipment, and the gmibal system and thruster panels 
required to control the thrust vector direction of the thrusters. 
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Descriptioit 

The structure was illustrated earlier in Figure 1.1.1 -6. The structure would be similar to the SPS pri- 
mary structure including tru.<is beams with suitable terminations to form the tripod like standoff. 
The gimbal system is a 2-axis motor-driven slow rate gimbal system. Gimbal commands are derived 
from the instrumentation .md control system. The thruster panels provide mounting for the thrus- 
ters and support routing for the electric power feeds from the power processors. 

Mass 

Each structural installation was estimated at 1 5.000 kg. 

Cost 

The four structural installations were estimated to cost S25 million, approximately lo70/kg, includ- 
ing the gimbal system. 

WBSl.U.2.4 PropeDant Tanks 

WBS Dictionary 

This element includes the argon, oxygen, and hydrogen propellant tanks for the SPS attitude con- 
trol thrusters. It also includes tank-mounted equipment such .is propellant gauging and vent valves 
and the multildyer insulation on the lank. 


D^cription 

The propellant containers are spherical aluminum tanks located near each thruster installation. 
Tanks are sized to hold one year's supply of propellant plus a 20' f margin. The oxygen and hydro- 
gen tanks include a 20,000 kilogram maneuvering reserve in addition to the nonnal control propel- 
lant. This is sufficient to re-establish the SPS normal attitude from any initial attitude. 


Bc( :ausc of the long piopellunt storage time the tanks are designed with a light-weight hard-shelled 
vacuum jacket that includes approximately 50 layers of multilayer insulation. The tanks are 
designed to be aMlIled from a tanker or removed and exchanged with new tanks brought from 
Karth. 

Mass 

The mass of the propellant tanks was estimated as 10 ? of the tluid contained. The total mass is 
1 500 kilograms per corner not mchuliiig contained propellant. The contained propellant is bO.OOO 
kg including the maneuvering reserve 

Cost 

The cost of the tanks was estimated using a cost estimating relationship for tank structures. The 
total cost for all tankage was estimated at S5 8 million, about S^70'kg. 
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WBS 1.1. 1.2.5 Propellant Feed and Thrust Control Systrai 
WBS Dk' (iiary 

This element includes all propellant feedlines and thrust control electronics and instrumentation. 
Description 

The propellant feedtines are uninsulated aluminum lines. Propellant pressure is controlled to the 
pressure required for the thrxisters by regulators. A shutoff valve is included in each line for each 
thruster so that any malfunctioning thruster can be isolated from propellant feed. The feedlines 
include flexible elements and gimbals to cross the thruster panel gimbal joint. Klectric thiust 
control is provided by startup and shutdown of individual thrusters. Oxygen/hydrogen thruster 
thrust control is provided by operating the thrusters in pulse mode. 

Mass 

The mass of the propellant feed and thrust control system was estimated at SI 2.5 million, an 
average of $6250/kg. 

WBS 1 . 1 . 1 .3 Central Computing Complex 
WBS Dktionary 

The Central Computing Complex indudo all computers and centralized data processing required 
for overall onboard management of the satellite configuration operation and flight control. (This 
element excludes antenna-dedicated computing and data processing. The latter is separately covered 
under element 1.1. 5. 1.4.1 

Description 

The Central Computing Complex consists of a triply redundant solid-state computer system with 
supporting equipment. Relatively little effort was invested in defining computing requirements or 
the computer complex. A rough order of magnitude estimate suggests that the computer capacity 
of this complex need be no greater than the capacity of the space shuttle computers. The computer 
system was assumed to employ advanced large-scale integration. 


Mass 

rough estimate of mass suggested 225 kg per computer, including a significant allowance for 
radiation shielding of the computei complex to ensure long life and minimum difficulties and 
failures. 

Cost 

The cost of the Central Computing Complex was estimated using a CBR at approximately S28 
million. 
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WBS lAAA CommunicaHom 
WBS Dictionary 

The Communications subsystem piovides a communications link between the satcUites and the 
ground receiving station for overall satellite control purposes. This communications link does not 
inciude specialized antenna phase control communii atior»s services. It is tied in with the onboard 
central computing complex and includes all onboard data bussing for condition and performance 
monitoring of the energy conversion subsystem. 

Description 

The Communications system mcludes a triply redunduiU transmitter receiver system operating on a 
frequency sufficiently removed from the power transmission frequency to avoid interference. A 
KU’band link is ’ likely candidate. The communications system also includes data, bussing, and 
collection. This system interfaces with the Central Computing Complex for onboard control Data 
bussing means has not been selected but will probably employ fiber optics. 

Mass 

The Communications system mass was estimated as 2720 kg. 

Cost 

The Communications system was estimated to cost S"4 million, an average of S27,000 kg. Aero- 
space communications cost estimating relationships were used. 

WBS 1 .1 .1 .5 Antenna Yokes and Turntables 

WBS Dictionary 

Tl>’ lent includes all production hardware required to mechanically iriicrface the satellite pri- 
me iLiCturc with the MPTS structure. Subelements include the mechanical rotary joint and drive 
system, the elevation yoke joint, and interface structure between the satellite and MPTS systems. 


Element Description 

Tlie MPTS antenna is attached to the satellite primary structure by the use of an antenna yoke, 
yokesuppo'-t .structure, a mechanical rotary joint and an elevation joint (figure 1.1. 1-d). The entire 
MPTS support structure is hinged at the edge of the satellite structure tor U 0/Cil:0 transport 
configuration (section 1.3). 

Tlic yoke support structure is composed of the “^.5 meter beams 1 .iselined tor the satellite primary 
structure (section 1 . 1 . 1 . 1 ). The support structure beams join to form a hexagonal interface that 
provides eight support points for the mechanical rotary joint circular beam (figure 1 . 1 .1-10). On the 
satellite side, these beams join to the hinged platform that will allow^ the complete antenna and 
support system to rotate under the end modules of the satellite. 
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owdunicd nrtuy joint is composed of two segmented circular bemns (one on the satettite side 
and one on the yoke side), a section of which is shown in figure 1. 1.1-1 1. Each circular beam is 
supported at eight points, every 45 degrees, to its adjacent support structure. The inner and outer 
base chords of each circular beam are arranged adjacent to each other. Between each set of base 
chords, a drive ring and roller assembly is attached ( figure I.I.I'IT) to provide relative movement 
between the satellite ami MPTS system. The antenna yoke attaches to its circular beam in a shnilar 
method a& described for the yoke support structure. 

The yoke b composed of one hundred meter tnisses made up of the same beams as that for the 
MPTS ptunary structure (section 1. 1.5.1. 1 ). At the antemu end of the yoke, a special end fitting is 
provided to interface with the anteruia ekvatkm joint. The elevation .^^t provides for a small 
poBiting angle adp^ment (approximately 7 degreesl of the MPTS system for rdtemate lectenna 
transmission capalnUtks. 

There is an electrical rotary joint at the interface of the yoke and yoke support structure. The elec- 
trkal connection across the elevation joint uses flex cables becai»e of the small angle adjustment 
involved. These electrical elements are detailed in section 1 . 1 .4.4. 

Element Mass 

The mass cf the antenna yoke and turntable, for one MPTS. is listed in Tabic 1 .1.1-4. Included in 
these masses are the attachment provisions and mechanical elements necessary for the subelement 
supports. 

Element Com 

The element costs estimating factors, tor the items listed in Table 1 .1.1-4. are listed in Table 1 .1.1-5. 
Also listed is the total cost fur one MPTS antenna yoke and turntable system. 

WBS 1.1.2 Energy CoVection 

WBS Dictionary 

The Energy Collection System includes all reflectors or concentrators used to concentrate solar 
energy on the Eneigy Conversion System and a secondary structure required to support the concen- 
trator stem. 

Description 

The concentration ratio I preferred concept requires no energy collection system. 
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F«iml.l.Ml Cki»lir Ring Bern Geonetry 



( 1 ) A ROLLER/DRIVE ASSEMBLY IS LOCATED AT 12 PLACES JEVERY TENSION CABLE! 
AROUND THE PERIPHERY OF THE CIRCULAR BEAM (SATELLITE SIDE). THIS 
A^EMBL Y IS S IMILAR TO THAT SH(WN EXCEPT THAT THE WHEELS INDICATED 
BY FLAG 03 ARE MOTOR DRIVEN FRICTION WHEELS WHICH ARE »>RING 
LOADED ACR^ THE ASSEMBLY. 


F^ie 1.1.1-12 Drive Rii% and RoBer AssonMy Location R^tive Baae Chords of Circufaff Rii% Beuns 
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TaMet.1.14 A— wi YofcewrfTwrati^lr M m rniwilr 


ANTBIMA AJmWT STMICTIMIE 

S3J0MT 

mCHAmCAL ROTARY JCMWT 

33.410' 

ANTENNA YOKE 

41.210 

TOTAL 

127.410 


Table l.I.I-S A atefua Yoke and Tnnit^ Cost Estimate 


ELBUEMT 

CER <S/KG) 

COST»10'®» 

AMT4MIA ^L4WRT STRUCTURE 

111 

SJB7 

meoiank:al rotary jchht 

340 

11^ 

ANTEMiA Y<HCE 

1» 

sjzr 

TOTAL COST 


225X10'® 


26 









DIM-2407M 


WBS l.l J Comefskm 

WBSDktiowfy 

Thb element includes all pixHiuclkm hardware required to convert incident sunli^t into electrical 
power at the required voltafe and deliver thb po^r to the distribution system. There are three 
primary subelements: the ^lar blankets, the catenarv suppo^i system, and interbay jumbers. 

Bement Oescr^tk»n 

The reference energy^ conversion system configuration was illustrated in figure IJ.0-1. A summary 
of the efficiency chain and sizing requiiemcnts were presented in Tables M .0-1 and 1 , 1 .0-2. A 
moa* detailed description will be given under each of the subeiements. 

Elemeiit Mass 

The energy conver^on mass summary^ was given in Table 1 .1 .0-3* The estimating factors will 
be discussed in the sub lement entries. 


Efement Cost 

The updated SPS cost summary was show n in Table 1 . 1 .0-4. T!ie cost estimating factors w HI be 
described in the sufcNflemenc entries. 

HVS 1.1.31 Sobr Blankets 

WBS IMctk>nary 

This element includes all prt^duction hardware required to convert incident sunlight into the required 
eleetrical power. Subdements include solar cell panels, panel inlercon iecls, provisions for interbay 
interconnects, and support device interlaces. 

Element Descriptmn 

An ilhistraiion of the solar cell blanket is provided in figure 1 . 1 .3-1 . A silicon solar cell must be priv 
vided with a cover to increase Iront-surface emiltaiicc from around 0.25 to around 0.85. and to 
protect the celt from low-energy proton irradiation. 

Cerium-doped borosilicatc glass js a good cover material bee nise it costs only a fraction of the best 
alternate. 7040 fused silica, matches tiie coefficient of themial expansion of silicon, and yet resists 
darkening by ultravoilct light. Ik^rosilicate glass can bo electrostatically bonded to silicon to t’orm a 
strong and pennanent adhesiveless joint. In .\TS-(> tlight tests the cells having integral 7070 boro- 
silicatc glass covers lost only O.H ±1.1 percent ot their output because of ultraviolet degradation. 

I hese cells iuu! no cover avihesive Other cells having cell-to-cover adhesives degraded twice as much. 
Jena (ilasvverk School & Cien. Inc., in West C'lemiany. expects to be able to manufacture 75 pm 
borosiheate glass sheers one meter wide by several meters long. 
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6M10VS ftCflMGT UQHT ANOUNO 
Glm>FIMOEAS 



ttU-YO«ELL 
INTERCONNECTCW 

- GLASS a>VEIU»Ki ON 8ACIC OF CELLS; SO«m THHX. 
ELSCTROSTAIKALLV BONUO 

■ SJLIOJN »>LAR CELL.6.S6CM By7.4«CM. SO |Htf THICIC. TEXTURED TO 
FmXMXX OBLKX« LIGHT-FATH. 2 OGM FOR HIGH EFFIOENCV. 

N AND F CONNECTIONS ON BACK 

CELL COVER OF 7S|iM 8OR0SILICATE GLASS, ELECTRCmATICALLY BOM)EO M HIGH-VOLUME 
EOUIFMENT. CERtUK DOPED TO GIVE ULTRAVIOLET STABILITY 


MTEROOM^rrORS: lUfM COPPER, wrni IHFLANC STRESS RELIEF, WELDED TO (XLL CONTACTS 


Figure 1. 1.3-1 Sobr Atny Bbiriiet 
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The cell c<wcr is etitb<^d during bonding with grooves which retract sunlight away trom the grid 
lines and buses on the cell surfa^. <X)MSAT Lal^ expects an 8 to 1 2 percent increase in cell output 
from thb feature in cell covers. 

Scdar cells only 50 ftm thick recently made by Solarex had an air4na^*zero efticiency of 1 2.5 per- 
cent without a back-surface field or cover glares. Improved efficiency can be obtained by using 
textured co^'cr ^a^es. Texturing the sun-facing surface makes the incoming fight arrive at the back 
surface of the cel! at an angle over 3 1^, so the light rays that have not been ab^rl^d are reflecletl 
off the back surface with virtually no lo^, the critical an^e in a silicon-air junction being 15.3 
degrees. This featua' not only improves photon collection efticiency. when compaa^d with thicker 
cells, by lengthening the li^t path in silicon for intrared pliotons. but also improves radiation resis- 
tance. Since all charge carries arc generated w ithin 50 of the P-N junction, which is 0.2 Mm 
under the sun-facing surface, Ihe cell can absorb radiation damage until the diffusion lengtfr in the 
bulk silicon is reduced to 50 Mm by radiation generated recombination cetiiers. 

The cells aa" designed with both P and N tennmals brought to the backs of the cells This feature 
makes it politic to use simple 1 2.5 Mm silver-plated copper interconnections which ai^ Ibmied on 
the substrate fJass, Complete panels arc a^'oibled electrically by welding together the modulc-io- 
module interconnections. 

Glass was chosen for the substrate to enable annealing of radiatton damage by heating. With all 
glass-to-silicon bonds made by the electrostatic process there aa* no elements in the blanket which 
cannot withstand the 773^^K t^31'^F> annealing teinpcratua\ which at present seems to he required. 
One a'searcher su^ests that 773^K may not be needed for annealing out the radiation 

damage from stslar-fiare protons. However, his theorv has noi yet been contlnned by experiment. 


The basic panel adopted for design studies f figure 1 1 .3-21 lus a matrix of 224 solar cells, each o 55 
by 7.44 cm in si/e. connected in groups of 14 cells in parallel by lb cells in a scries .Sp.!cing bet- 
ween Cvli and edge spacings are as shown. Tabs are brought out at two edges ol the panel lor electri- 
cally connecting panels in series, Cells withm the panel are interconnected by conducting elements 
printed on the glass substrate. 

Important panel requirements wea* these: 

o The panel components and processes should be compatible w ith thcnnal annealing at 50(TV. 
o Presence of charge-exchange plasma during ion-engine operation may necessitate insulating the 
clcctncai conductors on the panel. 

o The panel design should be appropriate for the high-speed automatic assembly required tor 
making the same million panels required for each satellite. 

Low wcighi and low cost arc important. 
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Also shown (figure 1 . 1 .3*2) is the way panels would be assembled to form lar^r elements of the 
solar array. The intereonn^ting tabs of one panel are welded to the tabs of the next panel in the 
string and then the interconnections are covered with a tape that also carries structural tension 
between panels. The 0.5 cm spacing between panels provides room for the welding electrodes, and 
also permits reasonable tolerances in the large sheet of 75 pm glass that covers the cells and the 
50pm sheets of substrate ^ass. 

The panels are joined in a matrix that is 14.9 meters wide by 656 meters long to form blanket seg- 
ments (figure 1.1. 3-3). After assembly, the se^ent is accordion folded, at panel intersections, 
into a compact packa^ for transport to the low-Earth-orbit assembly station. Packaging is given 
more detail in Section 1 .3. 

Provisions are made for connection of the blanket segments with interbay jumpers to form pow'er 
sectors. Power sector definition will be discu^d in Section 1.1.4. Conductor strips will be used to 
join string, with provisions for welding strips to join blanket segments, to form power sectors. The 
conducting strips also have a bossed section to connect with interbay jumpers. 

The tapes, at the end of blanket segments, are extended and have attachment rin^ to connect to 
the tensioning spring of the catenary support system. 


Element Mass 

The total energv’ conversion system mass was shown in Table 1.1. 0-3. A more complete mass break 
down of the solar blanket is provided in Table 1 . 1 .3-1 . .\lso included in this table are the mass 
estimates for the array support system. 

Element Cost 

The cost estimating factors for the solar blanket elements are the same as those given in the final 
documentation of Part 2 . The mature industry projection cost estimating factor for the reference 
solar blanket is S35/m“. 


WBS 1 . 1 .3.2 Catenary Support System 
WBS Dictionary 

This element includes alt production hardware required to support the solar blanket within the 
satellite primary structure including attachments to both the structure and sola'- blanket. 

Element Description 

The Part II silicon photovoltaic system provided an output of 4650 megawatts per antenna. To 
normalize this output to 5000 megawatts it was necessary to increase the satellite bay size to 667.5 
meters which was more than adequate to satisfy the increased area requirement. 
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3 MILS COVER 
2 Mas CtLL 

2 MILS SUBSTRATE A INTERCC^ECTS 


THEORETICAL PANEL WEIGHT 40S.92 

TO LERA N CES ALLOWANCE <5%> 20^ 

ESTit.1ATED PANEL WEIGHT 426^ 

PANEL AREA FACTOR 19913) 422J51 

SEGMENTS AREA FACTOR (.9972) 421.33 

30INT/SUPP0RT TAPES 2.93 

CATENARY SYSTEM 2.52 


ESTtMATEO ARRAY WEIGHT 42S.78 
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The array sepnent width was chan^d to 14.9 meteis. This change provided better packaging for 
transport but made it necessary to provide 1 5 meter catenary attachment points on the structural 
beams. A 10 cm spacing was pix>vided between array se^ents for clearance during array 
deployment. 

The method of supporting the ^lar blanket within the primary structural bays was shown m figure 
1 1 .3-3. This method of support will provide a uniform tension to the end of each solar array 
segment by the use of constant-force blanket tensioning springs at each blanket support tape (figure 
1 , 1 .3-41. These springs are also attached to a catenary cable that is then attached to the primary^ 
structure, upper surface, beams at 1 5 meter intervals. The spring are in compression, for better 
reliability, and exert a uniaxial force of approximately 3.5N to each blanket support tape. 

A uniaxial blanket support was selected over the biaxial support shown in Part II of this study. This 
change was the result of analysis of construction techniques and associated blanket uniformity pro- 
blems. It will be nece^iy^ to provide batten tapes between blanket segments, at a few intenals 
along the segment length, to provide correct segment-segment orientation. 

Element Mass 

The mass of this element was included in Table 1 .1.3-1 and represents small fraction of the energy 
conversion system mass (less than 0.5 percent). 

Element Cost 

The cost of this element was included in the solar blanket cost factors. 

WBS 1 .1 .3,3 Interbay Jumpers 
WBS Dictionary 

This element includes all production hardware required to provide for inteibay power distribution 
within a power sector of the solar blanket. 

Element Description 

The formulation ol voltage in the solar array is accomplished by connecting approximately 
78,000 sets of solar cells in scries. Since the strings of solar cells start at the centerline of the satel- 
lite, goes to the outer edgi and then hack to the cenieriine, it must cross the primarv structural 
beams, between hays, eight times. The purpose of the interbay jumpers is to provide a means of 
electrically connecting strings in one bay to the appropriate strings in the next bay of the string 
length. 

The interbay jumpers { figure 1 . 1 .3-5) are No. 1 2 aluminum cable. One-blanket segments jumpers 
arc collected and run along the catenary cable to an end-connector. This end connector is joined 
with the next bays jumper end connector in the beam framework near the catenary^ support point. 
This method was chosen as a less complicated construction/maintenance scheme while still 
providing the neccssar>^ function. 
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Element Mms 

The mass of interbay jumpers was estimated to be 34,401 kg, based on using No. 1 2 aluminum cable. 
The average length of each cable is 20.4 meters and there are 192,080 cables. 

Element Cost 

The cost estimating factor used for the interbay jumpers was 45 S/kg. 

WBS 1.1.4 Power Distribution 

The prime function of the Power Distribution subsystem is to accumulate and control prime power 
from the rMicon solar cell collector panels; control, condition, and regulate the quantity and quality 
of the electrical power generated for the klystron microwive generators; provide for the required 
energy storage during solar enei^y occultation or system maintenance shut-down; and provide for 
monitoring fault detection, and fault isolation disconnects. Figure 1.1. 4-1 shows a simplified func- 
tional system block diagram of the SPS from end-to-end. 

For power management and power distribution, tne photovoltaic SPS is divided into typically 228 
power sectors. Each power sector is switchable and can be isolated from the main power bus. facili- 
tating annealing -^r other servicing. Main features of the power distribution system are shown in 
figure 1 . 1 .4-2. Power transfer across the rotary Joint is accomplished by a skip ring/brush assembly. 
Mechanical rotation and drive is provided by a mechanical turntable 350m in diameter. The antenna 
is suspended in the yoke by a soft mechanical joint to isolate the antenna from turntable vibrations. 
The antenna is mechanicalh aimed by CMG’s installed on its structure. A position feedback with a 
•ow frequency passband allow's the mechanical turntable to drive the yoke to follow the antenna 
and also provide sufficient torque through the soft Joint to keep the CMG’s desaturated. 

Figure 1 .1.4-3 is an electrical schematic of the SPS. The “satellite” is defined as the large collecto. 
solar array, its power generation modules and control, altitude control, and stationkeeping power 
processing: thermal control, telemetry and control, data, power processing, etc.; and DC/DC cor>ver- 
sicn and energy storage tor the satellite. The rotary Joint is the interface between the "satellite" and 
the "antenna”. 

Table 1 .1 .4-1 gives the Calculated Power Distribution System weight (mass) and power loss for the 
"satellite” connection locations and components. The total losses are approximately 200 megawatts 
per SPS “satellite” (less antenna losses). 

Solar cell strings approximately 5.1 km long were selected for the reference photovoltaic system 
configuration. This permits generating the required voltage directiy from the solar array without 
intervening power electronics. All solar cell strings are idei'.tical. Current generated by the solar cells 
arc carried by conductors or by the solar cells themselves, f he configuration in figure 1 . 1 .4-4 uses 
the solar cells to the maximum possible extent for carry ing the current. It is noted t’.iat no conduc- 
tors are needed for bringing in the current from the edges of the array, the solar cell strings being 
arranged in loops which start from one center bus loop around the edge of th" array, and return to 
the other bus at the center of the array. 
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Solar array power is controlled by vacuum ctrciut bretdceis near the tnKes. V<rit^ n ccmtrcAed by 
turning groups of brings on or off. dqiending cm load requirements. Two sectkms of the array pro- 
vide the requited volt^ at tire sliprings using the sheet ccmductor vcritage drop to ^kve the 
required voltage at the slifreii^. 

Power source *A’ provides power directly to the fifth stage of the klystron depressed cdiector. 
Power source 'B* provides power directly to the fourth st^ of the klystron depresstHi ccdlector 
and to the MPTS DC/DC cmiverters which supply a!! other klystron element power requirements. 

The coUnrtion and distribution appro^ii selected for tire reference configuration meets the photo- 
voltaic energy converskm »ibsystem requirements delineated below; 

1 . The photovoltaic system shall be modularized into ^ace installable blanket array configura- 
tions. 

2. The idiotovoltaic system diall employ radiation Yielding and/or annealing as appropriate for 
minimum power cost. 

3. Individual converters (cells) shall be wired into the blanket array such that either open or 
short eircuil failures of individual converters do not cause loss of array output t disproportion- 
ate to the lo^ of the individual converter's contribution t or arcing. 

4. The photovoltaic system shall be designed such that a solar blanket power sector and or its 
switchgear can be isolated from the operating onboard electric power distribution system, and 
its generated electrical potential reduced io safe levels, so that it max be serviced without shut- 
down of the entire photovoltaic energy conversion subsystem. 

WBSl.1.4.1 Switcher 

The silicon cell panels and bays fonn the power generation nuxhiies shown in the photovoltaic elec- 
trical schematic in figure 1 .1 .4-1 . fliese modules are fed to vacuum circuit breaker sw itchgear con- 
trolled by load and system demands. The satellite switchgear is rated at 2.200 amps and 40 kv and is 
similar to the antenna switchgear, t For more details sec Section 1 . 1 ..^.2.3 1. 

WBSI. 1.4.2 Main Buses 

The main bus subsystem outlined here covers the portion of the power distribution subsystem from 
the solar cell i.iterconncctions to the antenna sliprinp. Tlte buildup of solar cells into strings, within 
each bay was described in Section 1 . 1 .3. 1 . The strings on each side of the satellite longitudinal cen- 
terline arc connected in senes to form a half string .^*>.104 (9776 x 4) cells in Icnglh. To obtain the 
40.(K)0 volts needed to operate the klystrons of the MPTS. the half strings are (.onnecUd together at 
the outer edge of the satellite by triangular jumpers. This gives 298 series strings ( for each four bays 
center to edge) each 78.208 cells long Note that, to provide cell failure protection, each string is 
really 1 4 cells wide. 
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For voltage control and fault protection each “eiHl" of the satellite is isolated into 96 load sectors 
by vacuum circuit breakers. This is done by subdividing ein;li bay length into three load sectors; i.e.. 
each end of the SPS is 16 bays long and 8 bays wide. Thus there are 32 “bay ^es" to each end. 
each with 3 load sectors, bich load sector provkles an average current of about 2100 amps at about 
40.000 volts to either bus A or bus B. The current is collected from the ~ 100 strings in each bay 
side via copper connectors from the solar array strings to acquisition buses. Each acquisition bus is 
controlled/isolated from the main buses by switchgear. This whole configuration of strings, jumpers, 
acquisition bus, switchgear, and main bus is shown in figure 1 . 1 .4>.S. Since the current along the 
acquirition bus increases as strings are added, these conductors are approximately triangular in 
shape. 

To minimize satellite mass, conductor grade aluminum sheet was selected for the main and acquisi- 
tion buses. Analysis of conductor operating temperature vs. mass led to the choice of a conductor 
operating temperature of 10(^. A one millimeter conductor thickness was selected as the mini- 
mum gauge on the basis of handling and assembly. This leads to the result that the buses are 
0.01 581 centimeters wide for each ampere carried. Hence the main common bus reaches a maxi- 
mum width of 3237 cm (for 204.760 A) at the slipring ends of the satellite. It reaches this maxi- 
mum in a series of steps, one increase for each added load sector from the center of the satellite. 

The conductors for buses .A and B are smaller, corresponding to their lower currents, and bus .A 
only extends about two thirds of the distance from the antennas toward the center of the satellite. 


Operating power for the satellite housekeeping and central functions is drawn from buses B and 
common. To provide this power redundantly from both ends of the satellite these two buses run 
the full satellite lengtn. To provide this redundancy and allow some load transfer from one MPIS to 
the other to meet load demands, a minimum bus conductor of meters was selected for the center 
connection of buses B and common. This current capability of |9,(KX) .A (750 MW) at nominal 
current density would not onlv supply all SPS control needs, but allow about S < Ic»ad sharing to 
occur, finder emergency conditions this could be increased to over a third load shanng between the 
MPTS without overheating the mum buses to the point of pennanent damage. 


IX'tails of the mechanical arrangement of the bus section arc contained in Section 1.!.4..', Bus 
Support. 
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WBS 1. 1.4.3 Bm Sappon 

The basic requirements for the bus support subsystem are easily stated: 
o Provkie a natural frequency, substantially hi^er than the satellite. 

o Accommodate thermal expausion without applying lar^ loads to the main satellite structure, 
o Be light wei^t. 
o Have low grmind fabricatioti 

o Be ea^ to assemble in orbit, using mostly automated methods. 

The support design present^ here satisfies these basic requirements, but it is recogmized that fur- 
thur study mi^t lead to a better design. 

The principal loads on the bus conductors are illustrated in Figure 1 . 1 .4-0. The "compression'' 
and "cooling" loads are generated within the conductors and must be resisted by the conductors, 
with whatever form of reinforcement is provided. Fortunately, these forc'es are relatively small so 
the resulting stress level is very low. The elastic stability of the thin sheet conductors is a concern, 
however. 

The major load on the main bus conductors is the magnetic force repelling two conductors varry- 
ing current in opposite directions. This load is so lar^ that, for the current density being used, the 
tending stress in the sheet conductors over the span of a segment would almost certainly cause 
elastic instability in the compression side of the bus bar, especially when combined with the com- 
pression and curling forces. Fortunately, the force is replusion, so it can be reduced by adding 
tension ties between the conductors at points intermediate to the supports at the main structure at 
segment joints. This reaction means that at the ends of the satellite w here there are three buses: 

A, B, and common, the common bus must be located between buses A and B so that tension 
rather than compression loads are gen .ated in the intermediate supports. 

The finai force acting on the conductors is caused by the interaction of the bus magnetic field and 
the earth's field. In operation at geosynerhonous altitude this force is extremely small, because 
the earth field is weak ( 1 38 n T) and nearly aligned with the bus conductor. In comparison with 
the other forces this one may be neglected. During self transportation from low orbit the forces 
are substantially higher, but still small. 

The other major factor which determines the design is the differential thermal expansion between 
the graphite-eopxy structure and the aluminum bus. The temperature variation between eclipse 
and full sunlighi is from about 1 23K to 373K. Over the span of a full segment this results in a 
differential thermal expansion of a little over four meters. For the one millimeter thick sheet con- 
ductor a load of 443 kN for each meter of conductor w idth islress of 443 MPa) would be required 
to overcome this change in length. Since the return bus is over 32 meters wide at the slip-ring end. 


43 


D180-2407M 



^ MAGNETIC REPULSON d) EARTH FIELD FORCE 


F^ure 1 .1.4-6 Sheet Conductor Loads 


44 


0180^24071 1 


a total load in excess of 14 million Newtons would be devetopedl This is an umeasonably large 
load to impose upon the structure, so provisions for thennal expansion must be made. Alter con* 
sidersng several alternatives, the design selected is to allow a thermal expansion curve at each bay 
joint, as shown in Figure 1 . 1 .4-7. 

The selected method of keeping the natural frequency of the sheet conductors about that of the 
satellite is to keep the bus conductors in tension. A preliminarv analysis indicates that modest 
forces (of the close order of one Newton per centimeter of conductor width) will keep the natural 
frequency of the bus an order of magnitude higher than that of the satellite. (The satellite fre* 
quency is about 0.(W5 Hr). To maintain this load in the conductors while allowing lor thermal 
expansion requires springs. The e^iest way to provide this spring action is to use high stresses in 
low modulus materials, such as Kevlar*^ or E*glass (A stress going from 250 to 5W) MPa in a 
200 m Kevlar tension support will provide the four meter extension needed to accommodate 
thermal expansion, while vary ing the load on the bus by only a factor of two). 

Ihc^ factors led to the final selection of the main bus configuration shown in Figure l.!.4>8. 

This view shows several bays near the slip*ring end of the satcUite. w here thea' are three parallel 
buses. The tha'C point spring cable ties to the main structure aa' show n, and the tension lies to 
react the bus magnetic repulsion forces can be seen. 

Not dunvii in Figure I ! 4*8 is the fact that each bus is divided into several parallel segments. Tlus 
is done for both transi >rtaiion convenience and for assembly reasons. The common bus increases 
(in steps) from a meter (or so. uC|HMuling :ipon the load sharing between the two MPTS) to over 30 
meters. Rolled up as a single sheet, the rv>U would be 30 meters long, volumetncally very poor, 
and tCK> heavy for a single HLL\‘ launch. Further, for scU' transportation, it must be divided into 
at least tour segments for each "Fnd ‘ of the satelllitc. Hence at least eight segments will be used 
for the main and B buses, further study may show that even greater suhdivisiv>n is desirable The 
individual sheets, each only Sm wide (maximum) are joined by the stretchers a! the bay sides 
which support and tension them, and at mtonnediate pomes by the tension lies. 

Fhc acquisition buses, which are triangular in shape, are suspended wuhm the center “ 5 
meter Ihmiu by guy wires, as shown in Figure 1 1 4 ") These acquisition buses are also aluminum. 
Making the connection K*tween the copper pigtails that intcreonneet the individual strings of 
solar cells and the aluminum acquisition bus is a problem that requires further study I ven 
though the joint is made and kept m \aeuum so that galvanic corrosion and oxidation arc 
eliminated as problems, ditferentiai expansion remains a problem that will make good loint design 
difficult From that initial connection, suhsoqueiii c*>niicctions w ill be aUimimim to alurmnum 
and will he welded 
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Figure 1 .1.4-9 Acquisition Bus and Switchgear Support 
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WBS t J.4.4 Electrkal Rotary Joint 

The MPTS antenna-tcvsatellite interface requires 360^ rotation about the spacecraft central axis 
with limited motion for elevation steering while maintaining structural and electrical integrity 
between the satellite and the antenna. Figure K 1 . 1*9 illustrated the rotars^ joint in relationship to 
the basic ‘‘satellite” structure. 

Coin silver (90S silver and lO'^ copper) was selected for the slip-ring material and a silver- 
molybdenum disulfide brush with 3 'y graphite was .^dected. The characteristics of this combina- 
tion are shown in Figure 1 . 1 .4- 1 0. With a design using a brush current density of 20 amps/ cm ^ 
only about 40 kW of power is dissipated in the rotary joint. 

The installation of a single brush assembly on a circular ^ip-ring causes unwanted deflections due 
to assymetrical loading. For this reason, the siip-ring/brush assembly was designed for symmettca! 
loading as shown in Figure 1. 1.4-1 1. Brush dragtwith a ctxMficient of friction of 0.14) at a brush 
pressure of 4 PSI (25.6KPa) was computed to be 307N. 387N and 4(>3N (69. 87 and 104 pounds 
force) for each inner, middle and outer slip-ring brush assembly. 

The coin-silver slip-rinc is a bright surface and. hence, rejects heat very poorly. Coin silver is a verv 
good conductor. However, the conibinaliuns of the two results in fairly higli slip-ring temper- 
atures as is shown in Figure 1 . 1 .4-1 2. It was assumed that no heat is rejected through the slip-ring 
feeders. Actual operating temperatures w ill thus he somewhat lower than shown since the feeders 
are designed to operate at a much lower temperature and will help in removing slip-ring waste heal. 


Feeders from the mam power distrib '*on buses to tlm slip-ring are desigm ’ to operate at a 
current density of only 100 amps cm Feeders are spaced 45 degrees apart (centerline to center- 
line) and are spaced at 1 5 degree intervals as shown in re 1.1 .4-13. I hc temperature of the 
feeders is show n in Figure 1 . 1 .4-14 

The pn>|ecte(l brush. slip-nng wear is vcr\ small ( ,028‘> to 0bl7 cm '/year ). 
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ELECTRICAL ROTARV JOINT MASS SUMMARY 


SLIP RIN(^ 

-11,810kg 

BRUSH ASSEMBLY 

- 1,970 kg 

FEEDERS 

- 3,840kg 

STRUCTURAL SUPTORT 

- 900kg 

ASSY. & INSTL. HARDWARE 

- 200 kg 

CONTINGENCY ALLCWANCE 

- 900kg 

TOTAL 

- 19.cmkg 


RINC 
(SEE DETAIL) 


I f 1.0 CM 


COIN SILVER 
90%A«.10%Cu 



SPRING 

(STEEL) 


INSULATOR 

(PORCELAINI 


BRUSH ASSY 


16.0M 


EACH BRUSH ASSY/SLIP RING 
INTERF/U:E LOCATKM4 
STAGGERED ON 


BRUSH AS§^ 
INSTALLATION 
(SEE DETAIL 
AND TABLE ) 



Figure 1 . 1 .4- 1 1 Electrical Rotary Joint and Mass 
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Figure 1.1.4-12 Slip-Ring Temperatures 
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WBS 1.1.5 Microwave Power Traiumisaon System 
WtSDktiMwy 

IkK den^nt ioctudes the entire ^tacebrnne phasol array power transmitter. This indudes the dc 
distribution system fnNn the rotary joint to the rf timumittets. the rf transmitters diemselves 
(klystitMB), Uwir dc and rf cootrd and mcHiitor circuitry, and tlw rf antenna eiements composed of 
slotted waveguides, support strticture. rf feed circuits, mechanical pointii^ contrd, and all the 
crmqxM^ts required for distribution and cmttroi of the duse of the retrodirective antenna sub- 
urays. 

Element DescriptkNi 

The Mins system serves the basic functkm of converting dc power to microwave power in 
transmitting it through the medium with a minimum of enviriKimental impact and converting it 
back to dc on tnc ^ md. The baseline ai^roach utUiaes a retrodirective ph:»ed array described 
in Sectkm 1 .1 .5.3, powered by dc<f klystron converters described in Section 1 . 1 .5.3.2. DC power 
from the rotary joint is distributed in a manner to minimize l-R loses to the Idy^rcms, utiliziiq; 
85% unprocessed power with a maximum voltage of 4 2 kv. The transmitter des^ constraints are 
outlimd in F^ie 1 . 1 .5-1 . The efficiency klystrons are described in Section 1 .1 .5.3.2 and are 
combined to provide a tapered ( 1 0 db quantized Gaussian) illumination of the array reuilting in low 
sklelobe levels and hi|^ antenna cfnciency (over 95% ). The thermal loading in the center of the 
array (22 kw/m~ r(3 permits a design for a I km diameter array which provides rou^ly 5 GW of dc 
power on the ground per antenna. The phased distribution system is designed to minimize line 
lengths and cumulative ph^ errors in the dbtributing tranuni^ion lines by using a 3-node refer- 
ence distribution system with line length compensation. The pilot reference signal frtmi the ground 
utilizes 2-tone modulation with a suppre»:d carrier near the power beam frequency, to effect con- 
jugation (i.e., electronic fine beam steering) in an efficient manner. Correction for some systematic 
propagation errors is provided through multiple pilot beam transmitting antennas. 

Element Ma.ss has been estimateu .it 1 2.749 metric tons and element cost at billions per antenna. 
Table 1 . 1 .5-1 presents mass and cost summaries. 

WBS 1 .1 .5.1 Support Subsystems 

This element includes those subsystems not directly associated with conversion of electric power 
into rf beam power. 

WBS 1 .1 .5.1 .1 Primary Structure 

WBS Dictionary 

The Power Transmitter Primary Structure is the main structure that provides overall shape and form 
to the transmitter. 
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1S7J5 



ATTITUDE CONTROL 
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127J 
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1M 
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tHICTIHG - 
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313.2 
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KLYSTRONS - 

4874.5 


262 
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TOTALS PER ANTENNA 


12.773 MT 


1430 

TOTALS PER STATELLITE 


25>46MT 


2860 

MOTE: THIS BREAICDOUVN COST DOES NOT HH:LUDE ASSENMLY AHD O^ECKOUT OR INITIAL SPARES. 
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Descmtkm 

The Primary Structure i$ an A-frame open truss structure, 130 meters deep, with a quasi-ucla)^>nai 
shape in excess of I .(KX) meters width and length. The Primary Structure and its relationship to the 
Secondary Structure and the test of the power transmitter are shown in Figures 1 . 1 . 5-2 and 1 .1 .5-3. 
The A-frame ehftnents of the Primary Structure are made up of 7-1/2 meter continuous chord 
beams composed of graphite polysulfone composite structure. 

Mass 

The mass of the Primary Structure is 52.500 kilograms per a.iteima for a total of 1 05 .000 kilograms 
for the two antennss. 

The cost of the Primary Structure was estimated at SI 25 per kilt^ram for a total cost of SI3.2M 
for the two antennas. 

WBS 1.1 .5.1 .2 Secondly Stiuctuie 

WBS DictHHiary 

The Secondary Structure provides structural bridging over the Primary Structure with a sufficiently 
small repeating structure element interval to allow installation of the transmitter subarrays. The 
Secondary Structure Jsh*s not include subarray structure. 

Descr^rtion 

The Secondary' Structure is a deployable cubic truss, with telescoping vertical members to minimize 
packaging volume. The members are made from graphite composite materials and the joints all 
include a rigidizing mechanism or device to provide ccmiplete rigidity of the structure after 
deployment. Diagonal cross-members are removable as ns’cessary to allow for maintenance of the 
subarrays by the maintenance system descriK'd under WBS Section I ..'.4. 


Mass 

The Secondary Stnictua- mass estimate was 1*^7.500 kilograms for eaeh antenna for a total of 
.tds.OOO kilograms. 


Cost 

The cost estimate for the Secondary Structure was estimated as $ I 2^> kilogram for a total S51 
million (2 antennas). 




Figue I ,I.S*2 Reference MFTS Stractanl 
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F^nc 1. 1.5-3 RefcieiKX MFTS Stnicture Interfaces 
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WKIJ.SJJ AttitiMle Control 
Wl^ Dkrtioimry 

The Power Transmission System Attitude Control System provides fine control of antenna mechani* 
cal aiming. Control Moment Gyros (CMG*s) are u^d to generate torques required for this fine 
ccmtrol. 

Descr4»tioii 

The CMG"s are located on the side of the Primary Structure and are 1 2 in number for each 
tran»nitting antenna. A feedback loop from the Antenna Attitude Control System to the SPS 
mechanical rotary joint allows the rotary* joint to apply torque to the antenna to continuously 
desatuiate the antenna CMG’s. This torque is supplied through a highly compliant mechanical joint 
so that the natural frequency of the antenna in its mechanical ^pports is below the control 
frequency bands for the CMG’s controlling antenna attitude. 

Mass 

Each CMC was estimated to have a total mass of 10.660 kilograms for a t'^tal per antenna of 
127,920 kg. 

Cost 

The total cost for the attitude control systems including the 24 CMG’s for two antennas was esti- 
mated as S202 million based on a CER, This averages to S7Q0/kilogram for the CMG hardware. 

WBS 1 .1 .5.1 .4 Computing and Data Processing 

WBS Dkrtionaiy^ 

Tliis Computing and Data Processing system handles the computing and data processing load for 
the Power Transmission System. A data link is included tor communication with the SPS Central 
Computing Complex. This antenna computing system also handles the computing load for antenna 
attitude control. 

Description 

For the reference design (the phase control is provided by a retrodircetive system with phase 
compensation at each subarray), the computing load is mainly for condition monitoring, fault isola- 
tion and detection, and general antenna configuration management. Some of the potential phase 
control systems would add to this computing load (e.g., a command and control operation based on 
groundmieasured phase infonnation). The computing load for conditioning monitoring and 
associated functions requires a high capacity, high speed computer comparable in general capability 
to the current types of scientific or business large scale computers. Flight computers in this 
capacity range presently do not exist. It presumed that in the time frame of SPS interest such a 
computer could be developed using advanced LSI techniques. Each antenna was assumed to have 
three computers operating in a triply redundant fashion. 
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Mass 

The estimated mass for each computer was 225 kilograms. This mass estimate includes radiation 
shielding and heat rejection. 

Co^ 

The cost of the computer complex for one SPS was estimated as $56 million, including the six 
computers and their support subsystems. 

WBS1.1.5.1.S Conununkations 

The Antenna Communications System provides data, collection, processing, and command distri- 
bution onboard the antenna, and also provides a data link to ground separate from the main SPS 
data link in the event this is required. This communications system does not include the retro- 
directive phase control system, as such. That system is separately covered. 

Descr^tion 

The Communications Complex involves three primary data handing subsystems for redundancy and 
employs fiber optic data bussing to minimize mass of cable and problems with RFl on the 
transmitting antenna. 

Mass 

The total mass of the Communications and Data Complex was estimated as 20,0(X) kilograms per 
transmitting antenna for a total of 90.000 for the SPS. 

Cost 

The total cost estimate for one SPS for the Communications and Data Complex was estimated as 
S 147.5 million. 

WBS 1 .1 .5.2 Power Distribution 

The MPTS antenna power distribution system provides power transmission, conditioning, control, 
and storage for all MPTS elements. The antenna is divided into 228 power control sectors, each 
providing power to approximately 420 klystrons. Two of the klystrons' depressed collectors 
"A" and "B” which require the majority of supplied power are provided with power directly from 
the power generation system to avoid the dc/dc conversion losses. All other klystron element 
power requirements are provided by conditioned power from the dc.^dc converter. System dis- 
connects are provided for isolation of equipment for repair and maintenance. 


Each dc/dc converter provides power to approximately 0.5'^^r of the total number of antenna 
klystrons as shown in Figure 1 . 1 .54. Its power requirements are given in Figure 1 . 1 .5-5. The 
klystron with five depressed collectors has a calculated tube efficiency ot 85' f. 
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STEP 

NO. SUBARRAYS 

NO. KLYST 

1 @36 

272 

9792 

2@30 

580 

17420 

3 @24 

612 

14688 

4@20 

612 

12240 

5 016 

756 

1289S 

6 @12 

864 

103C8 

700 

628 

5652 

808 

576 

4608 

90G 

1032 

6192 

10 0 4 

1000 

4000 


TOTALS G032 

97,056 


f’OVVFHOlJTl’U i ; (ANTrNWA) G.79 GW 

(GROUiVO) 5.01 GW 

F^re 1. 1.5.4 MPTS Antenna Power Distribution Control Sectors 
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'body ANODE SUPRLY 

L 


l-^A 

MODULATING ANODE SUPPLY 
21/>S0V(it0SV) 


'•0 _ _ _ 


I-18.S 

COLLECTOR NO. 1 SUPPLY 
21.050VI-10S0V) 



MLLECTOR NO. 2 SUPPLY 
2S^160V 1^1258 V) 


» 

I-64.7A 

COLLECTOR NO. 3 SUPPLY 
29.470 Vjt 1474V) 

< 

|•4200A 

SOLENOID SUPPLY 
100 V (t IV) 





CATHODE HEATER SUPPLY 
10V(+0.0S0.15V) 

1 - 2100A 


TO KUYSTRON 
BODY ANODES 


TO KLYSTRON 
MOO. ANODES 

TO KLYSTRON 
CATHODES 

TO KLYSTRON 
COLLECTOR Na 1‘S 


TO KLYSTRON 
COLLECTOR Na TS 


TO KLYSTRON 
COLLECTOR Na 3*S 


TO KLYSTRON 
SOLENOIDS 


TO KLYSTRON 
HEATERS 


Figure 1 . 1.5-5 DC /DC Comertet for Five Segment Depressed Coltector Klystrons for MPTS 
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Hie MPTS antenna was divkled into approximate equal power areas to define |H>wer control sectors. 
Figure 1 .1 .5-6 shows the location of the power sector control substation and the a^ociated dc/dc 
converters. No substations are located on the center structural node, since this node is in the center 
of the highest waste heat flux region. 

The reference antenna structural desi^ concept consists of a relatively sparse ptiiViary stiucture, 
fairly dense secondary structure and ten different types of antenna subarray elements to achieve a 
ten step approximation of the desired illumination taper. Within the subarmy element, one set of 
connections provides the interface between the external power distribution system and the subarray 
distribution system. Power is routed from the power ^ctor substations to the antenna subarray 
elements. Disconnects are installed at the power sector substations to provide isolation for 
maintenance and repair. The power sector substation location was selected to be at the back of the 
primary structure. Aluminum sheet conductors are routed from the rotary' joint to the power 
sector control substation located at the primary structure tmss intersection nodes at the back of 
the structure. 

The following is a list of the key antenna power distribution subsystem requirements which are 
satisfied by the reference configuration: 

1 . The power distribution system shall conduct dc electrical power from the energy conversion 
system interfaces to the klystron transmitter rotary joint interfaces, (It is assumed that there 
am two 5-GW ground output antennas and associated rotary' joints per SPS.) The distribution 
system shall supply the following nominal voltages and currents to the rotary^ joint interface 
from the integrated klystron array module clusters: 

Bus \ 40.800 volts at 138,6(X) amps (5. (>5GW) 

Bus B 38.700 volts at 59,400 amps C.30GW) 

A common return for these two supplies shall be provided. 

2. The antenna power distribution system shall employ dedicated aluminum conductors (not part 
of main structure) which are passively cooled by radiation to free space. 

3. The antenna power distribution system shall have switching and control equipment as 
necessary to isolate tlie rotary joint and power transmission system from energy conversion 
system startup and shutdown transients. This requirement may be in part met by delayed 
activation of power d’stribution provided tiiat the delay is not greater than five minutes. 
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YOKC CONNECTION 



ANTENNA MOUNTED ON Y-AXIS 
SYMMETRY ALONG BOTH X AND Y AXIS 

DARKENED NODES SHOW LOCATIC Y AND NUMBER 
OF DC DC CONVERTERS 

OC-OC CONVERTERS- 




*bt!T 


- 5.443 Mw/CONVERTCR 

- .96 

- 5.326 Mw/CONVERTER 

HEAT LOSS - 218 kw/COWERTER 

■ OPERATING TEM?. - CTO 70“C 
DIMENSIONS - 1x2x3m 

TOTAL NO. CO.NVERTERS - 228 





BACK SURFACE OF PRIMARY STRUCTURE 


Not*: This dwgram repr***nts the Part II configuration. It 
«rat not updated for Part III. 


Figure 1 .1.5-6 MPTS Heference Ante)ina Power Conditioning P. cement 
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FigUfe 1 . 1 . 5 -S Suap l i fi e d PC/PC Co Bvcrtei Block Diynw 


TsMf I * V? Calcolated Power PistrAution System r.Iass & Loss Samniary 


LOCATIdi 

CONNECTION & COMPONENT 

MASS (KG) 

i^R LOSS (WATTS) 

**ANTEMIA^ 

SECTOR CONTROL DC/DC 
CONVERTERS AND 
SWITCHGEAR 

1.441^ 

49.644.720 

”ANTEr#IA*' 

SUBARRAY WIRING 
IINSULATION INCLUDED) 

^371 

4.774.760 


TOTAL 

1377.034 

249.776.890 
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WBSl.t.5.2.1 Power Proccsor 

Tile MPTS power controt and distribution subsy^em provides conditioned power for all MPTS 
elements. The five depressed collector klystnui requires cmiditkNied power on all inputs except the 
two ct^ectofs whidi utilize power directly frcmi die SPS Ctdiectm- A supplies and Cdlector B solar 
panel supplies. The power conditioning subsystem block diagram is shown in Figure 1 . 1 .5-7. The 
e^imated input power to each dc/dc ctMiverter b about S400KW. 

F^re 1 . 1 .5-8 shows a amplified more detailed diagram of the individual dc/dc amverter modules 
employ^. The selection of the particular switching circirit device has not yet been made but an 
analyas has shown that a switching speed of 20 KHz with SCR*s or power transistors can yieki a 
dc/dc conversion efliciency of about 95%. 

Overall power distribution system mass and losses are summarized in Table 1 . 1 .5-2. 

WBSl.U.2.2 Processor ThennalConriol 
WBSDictionmy 

This element includes aD production hardware required to collect and dissipate the waste heat flux 
frmn the power pit cessing equipment on the MPTS system. 

Ekment Descr^rion 

The power processors (dc-dc converters) have a waste heat of approximately 218 Kw per unit. The 
thermal limitation of the power processors is 70<Kr (for high reliability) so it was nece^aiy to base- 
line an active thermal control system for this equipment. 

The active thermal control system (Figure 1.1.5-91 was sized, for the MPTS system, using a heat 
flow of 1000 watts per square centimeter. Redundancy was built into the system (pumps, valves, 
and control equipment) for higher reliability. 

The basic system is composed of a heat exchanger, pump, thermal control/bypa» valve, and thermal 
radiator. The heat exchanj^r uses finned heat pipes, with the condenser sections in contact with 
the working fluid of the active loop. The exaporator section is in the power converters, for better 
heat rejection from the more sensitive solid state components. The fluid pump was sized at 4. 1 Kw. 
The power consumption of all the processors thermal control systems was estimated at 928 ICw. 

Element Mass 

The estimated mass of a typical power processor themal control system is 972 kg. Approximately 
percent of this mass is for the thennal radiator with the remaining mass distributed between 
working fluid, piping, pumps, motors, control valves, and includes redundant components. The 
total processor thennal control systems mass is 222.1 MT 
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EkMlCod 

Tfw cost estimating factor for this etement was 4 14 S/kg as dBofi«d in tlM 2 final repmt. 
WKl.1.5.2.3 S wUcl^ear / Fnf rgy Storage 

Each MPTS antenna in the basehne des^ contains over 97,000 dc/if converters ami 228 power 
sector control substations. During the conceptual design of the klystron, an effort to minimize the 
mass of the individual tube elements resulted in an oveiall li^twe^t tube. However, removing 
mass frtmi the tube unposes tiw requiraiKnt that the pn^Mlity of internal arcing mus; be mini- 
mized and. in the event that arcing should occur, rapid removal of the power sources is lequiied. 
Prehroinaiy iequiro)^nts|ria<^onUK MPTS switchgear were extremely stringent 10 microseconds 
current interruption tune. The development of sw^'^'hgear to perform this task will require an 
bnprovement of two orders of magnitude in current interruptim time over present switchgear 
capabilities (miilisectuuls to hundredths of mittbeccmdsl. Analyses ate required of possible klystron 
design changes and possible uses of current limiting reactors to increase this time. 

The antenna circuit breakers cmiM be eiti^r solid state (present crnitiguration) or vacuum switches 
(pn^MKed cmt(%uration>. The rating of the switcf^ear is oOOA at 49KV. Tabfe 1 . 1 .5-3 summari^ 
the two circuit breakers. 

An miditional circuit breaker is required which clamps the anode to tiK cathode at the klystron. 
Microsecond switching is required at 40ICV and no current. A soiki state circuit breaker b proposed. 

The antenna power dbtributkm system fault protection scheme b shown in Table 1 . 1 .5-4. 

In addition to the fault protection required in the Power Distribution System, isolation of 

the switchfs.*ar for maintenance purpmes is required. The use of isolation disconnects would enable 
isolation of a single power sector substation without powering down the main power b^ses. The 
disconnects are not designed for current interruption and are only operated when no current flow 
e.xiststi.e.. the downstream breaker is open when the disconnect b operated). 

In Figure 1.1. 5-7, the need for an Uninterruptablc Power Supply (UPS) is indicated which has 
suitable dc/dc converters which continuously charge an energy source (battery bank). Klystron life 
is impacted by cathode heater power on-off cycles. In order to increase the MTBF of the klystron, 
it is proposed that heater power be maintained during the period of time when occult.ition (caused 
cither by the earth or other solar |Hiwcr satellites) is encountered. 

It is anticipated that significant increase in the MTBF of klystrons can be achieved if thermal 
cycling of the klystron cathode heater can be minimized. There arc 101 .552 klystrons per antenna 
each requiring heater power of 50 watts at .)0 VDC. Thus, a total of 5.08 megawatts of power is 


68 



D180-2407M 


TaUel.1.5-3 S—wiry of DC QroMt Htgriaeii 



TaMe 1 . 1 .5-4 Antenna Power Distribution Fault ^tectkm 


FAULT AREA 

PROTECTKHi SCHEME 

MAIN BUS 

REMOVE AlL satellite POWER ^RCES 

ANTENNA SUB DISTRIBUTICm BUS 

OPEN APPRC^RIATE MAIN ANTENNA CIRCUIT BREAKER 

ANTENNA DC/DC CONVERTER 

OPEN CONVERTER CIRCUIT BREAKER 

KLYSTRON INTERNAL ARCING 

TAKE KLYSTRON MOCHILATING ANODE TO CATHODE POTENTIAL 

OUTPUT WAVEGUIDE ARCING 

REMOVE KLYSTRON INPUT RF DRIVE 


69 












DI80-2407I-I 


used for UystnMi heaters. If a distiihutkM) loss of 20% (because of the low voltage) and a period of 
2 bouts required for operation from stored energy are ssumed, then 12.186 megawatt hours of 
stored energy are required for Uystron heaters. 

Gas electrode (i.e., nickd hydrogen) battery systems offer the advantage of numerous recharge 
cycles and energy densities. A nkkel hydrogen battery system is selected few the reference 
conf^ration and should provkie at least four times the service life of (xmventional nickel cadmium 
battery systems. With an energy storage system of this size, an energy density of 57.3 watt-hours/ 
kg (26 WHrAb) including tankage was derived. With a depth of discharge of 0.7 during a normal 
2 hour operation, a density of 40.1 WHR/kg is used to determine the truss of the required energy 
storage system. The estimated mass for thv energy storage system is 313.2x10^ kil<^rains(3l3.2 
metric tons). 

WBSI.I.5.2.4 BaasmgandC^Miiig 

The conductors for the MPTS power distribution consbt of aluminum sheet conductors frtmi the 
rotary joint to the power sector contrtri substation, circular aluminum conductors from the sub- 
stations to the subarray interface, and circular conductors on the »ibarray. 

The conductors on the individual MPIS antenna subarrays are included under ‘liarnesses,’' WBS 
1.1.5J.5. 

WBS 1 .1.5 J Transmitter Array 
WBS Dictionary 

This element includes all hardware required for the generation, distribution, phase control, and 
radiation of the microwave energy including thermal control. 

Ekment Description 

The retrodirective phase array configuration utilizes 7220-10.4 x 10.4 meter subarrays arranged in a 
quantized 10 db taper configuration conforming to dimensional requirements which will result in a 
maximum RSS error associated loss of 2%. The concepts of configuration.for fine beam steering 
have been adequately defined to the block diagram stage but require further design refinement and 
laboratory' verification. The array features a standing wave slotted waveguide approach with a 
maximum effective stick length of 5.2 meters and maximum power level of 3.5 kw per stick. test 
program for a plated composite waveguide has been suggested to verify the potential adv .lUaccs cf‘ 
this lightweight approach, currently in modest use on some communication satellites. 

A modular concept integrates klystron power tubes with subarray radiators. One q 'arter ■ ! uic 
transmitting array isshow'n in Figure 1.1.5-10. The square subarrays, complete wi»h asscciated 
klystrons, tile the face of the antenna which is in turn supported by the secondary structure. A 
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taper of the microwave power density across the antenna aperture is achieved by varying the 
number of klystrons used per subarray. A section of a subarray called the integrated klystron 
module is shown in Figure 1 . 1 .5-1 1 . It shows the 70 kw klystron mounted on the back of the 
slotted waveguide antenna array. The passive cooling system can be seen. Not illustrated here is the 
phase control system required to insure that the radiation from the modules will be in phase at the 
rectenna. This system will tie the modules within a subarray together with waveguide and all the 
subarrays together with coaxial cabte or an equivalent transmission link. 

Element Mass 

Detailed mass estimates for this element arc ^ven in Table 6-9 of Vcd. IV of the Part 2 final 
document. The total is 9880.9 metric tons per antenna. 

EkmeatCost 

Cost estimates for th;^ clement are given in the aimmary table (1. 1.5-1) as $1.43 billion per 
antenna for structure, waveguide, klystrons, thermal control, and control circuits (mature industry 
estimate at 1 SPS per year). 



Figure 1. 1.5-1 1 Integrated Klystron Module 
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WBS 1. 1.5.3J SlnKTluie aiHl Wave^inte 
WBS DktkMiafy 

This element includes all production hardware required for the radiating waveguide, distribution 
waveguide, subairay support structure and attachment provisions for subarray components. 

Element Description 

A typical, four module, subarray is shown (Figure 1,1. 5*1 2) with all pertinent systems installed. 

The elements to be discussed in this section are the radiating waveguide, distributin waveguide, 
subarray support structure, and the klystron support structure. 

The radiating waveguide, at the subairay level, is composed of 120 waveguide sticks (Figure 
LI. 5*1 3) that are 10 43 meters long. The method of attaining various numbers of module units 
per subarray is to install internal shorts, conducting elements, within the stick lengths and to dis- 
tribute rf power with ihe distribution waveguide sticks to the desired number of waveguide sticks, 
for a single klystron. In this manner, it was po^ible to obtain ten types of subarrays, ranging from 
36 to 4 klystrons per subarray (Table 1 . 1 .5-5), to achieve the desired power taper. The integral 
radiating waveguide forms a subairay unit 10.43 meters ^uare. which remains unchanged 
throui^out the array, at ' based on realizable mechanical tolerances and acceptable error 
plateau levels. 

The distribution waveguides feed power from the klystron output w aveguide to the radiating wave- 
guide. The distribution waveguide sticks are arranged in pairs, each one supplying half of the rf 
power to a given klystron module. There is also an attachment point, at half of the distribution 
stick length, to connect disconnect the klystron output waveguide. 

The subarray support stnictiire is composed of perimeter beams, lateral and longitudinal I-beams 
(Figure 2.2.5- ! 2). These beams have a web of 1 2.0 cm and flanges of up to 6.0 cm and are bonded 
directly to the back of the radiating waveguide. The lateral and longitudinal I-beams form a matrix 
with a klystron module being framed within each box. 

.Attachment provisions arc made on Ihe subairay structure for the klystron support stmeture, power 
distribution harnesses, module power conm ctors, solid state control devices, and subarray support 
to the secondary' structure. The klystron is supported, within the module, by a C-bcam saddle fix- 
ture that has a support block on each end for load transmittal into the radiating waveguide. Further 
support of the klystron is provided through the klystron output waveguide distribution waveguide 
connection. 

The power distribution harnesses are discussed in Section 1,1. 5.3. 5. The harnesses are supported, 
by the subarray support structure beams, with tiedown bands at half module lengths. At the point 
of departure of the cables, from the harness to the module, a connector support attachment is pro- 
vided for the module power connector. 
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F%uie 1.1.5-12 Refeieace MPTS-Integnted Sobuiay 



STRUCTURAL MAT'L: G^Ep -8PLY 
CONDUCTING MAT'L: ALUMINUM (T * 6.67 ^M) 

Figure 1.1.5-13 Radiating Waveguide Stick DimeiKions 
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Table U.S-S 


SUBARRAY 

TYPE 

NO. MODULES 
SUBARRAY 

ARRANGEMENT 
OF NKMHJLES 
(WxU 

MODULE DIMENSION 
W (m) X L (ml 

1 

36 

6x6 

1.7^x1.738 

2 

30 

6x5 

1.736 X 2.M6 

3 

24 


1.738 x 2.608 

4 

20 



5 

16 


2.6Mx2.6(» 

6 

12 

5x4 

2.^ X 3.477 

7 

9 

3x3 

3.477 X 3.477 

8 

8 

4x2 

2.6(» X 5.215 

9 

6 

3x2 

3.477 X 5.215 

10 

4 

2x2 

5.215 X 5.215 
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Provisions must also be made on the perimeter beams, at three points, to attach the subarray to the 
secondary structure. This attachment will allow the adjusting mechanism, located on the secondary 
structure attachment points, to attach to the subarray structure to facilitate relative movement 
between the subairay and the MPTS structure. 

Element Mass 

The element ma^s for the element in this section are ^own in Table 1.1 .5-6. The structural mass 
includes attachment and support provision for the subarray. The mass per subarray for the distribu- 
tion waveguide and subarray strucutre varies, between the limits shown, depending on the number 
of modules per subarray. 

EkaoMntCost 

The cost estimating factor used for the elements in this section, was 66 S/kg. This factor covers 
both wavCfcUides and structure at the aibarray level using a mature industry approach. 

WBS 1 . 1 .5.3.2 Power Amplif^is 

WBS Dkdonary 

This element includes all the hardware and control circuits for the klystron rf trananitters, namely 
the cathode subassembly, the rf circuit (body), the collector, the output waveguide and window (if 
required) and the solenoid for beam focusing. External monitor circuits, both dc and rf are also 
included. 

Element Description 

An rf transmitter and configuration of 101,552 - 70 kw CW klystron amplifiers operating at 42 kv 
with 45-50 db gam using a compact efficient (82-85%) solenoid wound-on-body design approach 
with conservative design parameters (0. 1 5 amps/cni^ cathode loading) to achieve long life has been 
chosen. This 5 stage depressed collector design provides a complementary design to the amplitron 
alternative. Proposed multiple tube development programs and assessment of high voltage opera- 
tion in space will provide the final answer to the transmitter selection. The layout of the basic kly- 
stron building block module is shown in Figure 1.1.5-14. with the various elements shown. The 
6 cavity design, with a second harmonic hunching cavity for short length and high efficiency, fea- 
tures a dual output waveguide with 35 kw in each arm. Heat pipes at conservative ratings are used 
to cool the output gap, the depressed collector and the solenoid, with a design temperature o, 
300^C maximum on the body and SOO^C on the collector. An MTBF improvement of 3 to 10 
from the present value for several hundred spaceborne tubes of 2 years, and best tubes of small 
groundbased radar systems of 10 years \.%1 have to be realized through conservative design and pro- 
per bum-in procedures. The driver for the final klystron power amplifier will require an output of 
about 3 watts cw for a 45 db output amplifier saturated gain. This power level is available in several 
off-the-shelf reliable low power low noise TWT amplifiers which can be driven directly from phase 
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Table 1. 1.5-6 


ELEMENT 

MASS/SUBARRAY (Kg) 

MAS''; * ENNA (MT) 

RADIATING WAVEGUIDES 

214 

1545 

DISTRIBUTION WAVEGUIDES 

22-63 

289 

SUBARRAY STRUCTURE 

63-120 

1 

667 

1 


ORT^iINAL PAGE 13 
OF p( h)R gi/ALITY 


»S^tS64 


INTERNAL COLLECTOR 


MAIN SuLENOlO 



Figure 1. 1. 5-14 


70 Kw Klystron 


77 




DI80-2407I-I 




iCVEL 


4L KLYSmON: 

II OOLLECTCNI 
II CAVITY LOSSES 
a SOLEHKNO 


UnVAJMIT 

MKRAJMIT 

lAKNAMIT 


m. aOUD STATE OOKTMM. DEVICES 


WtHtfUlHT 


C. RAOtATIMG AMO EEED WAVEGUOE 


KMOUBAIKAY 


Table Tlirmi J I wirninn iMuifiiwi 


KLYSTROIfc COLLECTOR SOO*C 

SOLENOID AND CAVITIES 3Q0"C 

SOLID STATE CONTHOL CIRCUITS W>C 


STRUCTtNIES: COMTOSITF MATERIALS 

1. GRAmiTE-EPOXY 175®C 

2. GRAPHITE-POLVMIOE 2S0PC 


OUAUT Y 
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regeneration circuiliy at power leveb well below a milliwatt. The driver tube coulu be either an off- 
the-shelf low-nc^ high-gain TWT or a multistage tra* ristor amplif^r v **r!. up to 10 db gain per 
stage at thb frequency. All phm ccmfipiration functions will be performed at low drive levels. 

Element Mass 

The Idystrcm mass per tube is estimated to be 48 kg. with an additional 18.*^ kg for thennal control. 

Bemmt C 

The mature indurtry ma^ production cost klystron been estimated between SI'HX) and 
S2500 per klys*n>n (1077 dt iluisl. 

WBSM.SJ3 Thennal Conirot 

WBS Dklkmary 

This element includes all production hardware required lo remove and dissipate wasic heal fioin the 
kly strrm modules at tbc ^barray level. elements inclinle the klystron heal pipe rad«ators. solid 
slate control device thennal control, and thermal insulation within the subarray. 

Flemeni Descriptimi 

The two major w*aste heat sources, at the subarray level, aa* the collector and cavity solenoid Si*c- 
lions of the klystron. small amount of waste heat mast be di!^sipated from t*ie solid state control 
device. Tables 1.1.5-^ and I . I 5-8 !«st the w aste heal sources and thennal limitation assumpi ion 
for ^ibarray components. 


Heat jnpes and radiators wea- designed to dissipate klystron waste heal kisses. The heat pi|V evao- 
orators, an integral part of the khslaHi. pick up the waste heal for transfer to the thennal radiators 
i Figua* 1 . 1 .5-1 51. The thermal radiator has six sections, tw o vctions for ihe colleclor and four lor 
the cavities and solenoid. A cross-brace is used lo retain the radiators along Iw o edges. The collec- 
tor section operates at 50(bX' and the cavity solenoid section at 5(KbH\ A belter Jcw riplion of the 
heat pipe radietors is given in fable 1,1.5-^. 

Even though the thermal control s\stem renunes the heat aMeased by the klystron. .i high leinpera- 
liirc still existed at nuHlule com|H>nenls such as solid stale control, power distribution i^u>n4's. *rul 
compi^site inalenals in Ihe si met u re and waveguides A lower temperature environment to? thes<* 
com pmients was provided siinplv by isolating the high temperature sections o! the khstron and the 
back side of Its thennal radiatoi w ith thennal insulation t Table 1 .1.5-101 The small amounl of 
waste heal from the M>lid stale control device is Jisstpated by its own radiator heat sink. 
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Tabk 1. 1.5-9 Uyttroa TlwnnI Coaml 


CAVITY AND SOLENOID SCCTIOM: 

300% 

NEAT HK TVTC-t.338 KOAI 
HKHIKNIG FLUID- 
4HEATFrES«< 1J0KWEACH 
RAOIA^tNI - ALUMIARM 

-THICKNESS- Ml CM 
- AREA • 0 l432 m2 FA04 
MASS (EACH) -X18 KG 

COitECTOHSCCTtON: 

800% 

NEAT FIFE TYFE - 1338 KG/M 
WORKMUG FLUID - h, 

2 HEAT FIFES f 4.0 KW EACH 
RAOtA'C r - COFFER 

TNK3(MESS- 0.088 CM 
AREA « 0.408 u2 EACH 
MASS (EACH) • 3.08 KG 

MASS/KLYSTRON - 18.9 KG 

TsMc I.I.S-10 

Thnmol los^tioa 

OOMPONENTS: 

TVFL: 

WK 

OOtLECTOBSeCTKm 
iRAOtATCm ft KLYSTRON} 

t LAYER MULTIFOIL (2tO SF^tR) 

6 LAYER KAPTW (QUA ,T2 NET SPACCR) 

300% 

CAVITY a SOLENOID 
(RADIATOR a KLYSTRON) 

- 15 LAYER KAPTON (QUARTZ NET SPACER) 

WAVEGUIDLS 

- 10 LAYER KAPTON (QUARTZ NET a»ACER) 


MASS/MOOULE 


2.80 KG 
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EleiMiit Mass 

The major thermal centred system etement masses were listed in Tables 1. 1.5-9 and 1. 1.5-10. The 
total tl^nnal control mass per ^barray varies between 778 kg and 86 kg, depending on the sub- 
array power aensity. The total mass of subarray thennal control ^sterns b 00.2 MT. 

Efemefit Cost 

The cost of thermal control elements was estimated as SI 350 e^h. 

WBS 1 .1.S .3.4 Phase Control Gicuit 

The purpose of the phase contred circuit for tl^ space antenna of the microwave transnissttm 
system is to focus oser %% of the microwave power radiated from space to the rectenna 
located on the ground. 

Figure 1,1.5-16 diows the simpliHed block diagram of the system cems^ting of a ground and 
a sapee segment. 

On the ground, a transmitter and antenna cmnplex generates a pilot sipial whijh is r^iated 
toward the space antenna. In sp^e. the subarray elements of the overall space array antenna 
receive the pilot signal in a phase conespondig to their location lelative to the ground antenna 
By ctHHparing these phases to the phase of one of the subarrays itvnically the nrmiinally closed, 
or center subarray > the phase differences at the individual subarrays are determined. Then the 
relative transmit phase at these subarrays is set to the conjugate of the received phases at each 
subarrays. This assures that the downlink signals frcmi all the subarrays are launched in the proper 
direction to the pilot signal and arrive in phase at the pilot antenna. The correct operation of 
the system is monitoa*d on the gn>und by a set of monitor stations. The mitput signals from 
these stations are used to calculate fine corrections which may be necessary to ccmipensate second 
Older systematic pointing errors due to the transmission medium. 

A key function in the operation of the above descnbcd system is the determination and the con- 
jugation of the relative phases of the pilot signals of ine subarra . >. This requires the generation and 
distribution of a reference phase for the conjugators. In the selected system, the reference phase is 
the phase of the subarray and this phase is tiisfrihulcd over a transmission line tree, 

Uectrical length changes in these transmission line% arc sent back to the next higher level node on 
the phase distributing network. This is equivalent to perfonning all conjugations at the Aq 
subanay. In such an anangement the ph.ise distributing lino are used bilaterally, thus their 
line length changes do not affect the conjugation prcKcss. 
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Figure 1 .1 .5-1 7 shows am''.- v iailed block diagram of th^ system. The operation of the system 
can be explained by f. !’vi* ig a typical signal through the circuit. 

On the ground (Figure 1.1. 5- 17a) a pilot generator at fjj = 2460 MHz is amplitude modulated by a 
nominal f| = 76.S62S MHz ~ 77 MHz. The carrier is suppressed and the remaining f. = fjj - f j s 
2383 MHz and f.,. = fy + f] ^ 2537 MHz tones are distributed to the transmitters of three antennas. 
These antennas are 10 m diameter steerable pantboloids, which are located in the apexes of a 
trian^, approximately I 3 km from each other and symmetrical relative to the center of the 
rectenna. These antennas are used for fine positioning -vf the beam and larger seimation may be 
used when a wider pointing range is desirable. 

At the pilot antennas a dual transmitter is located, capaUe of transmittii^ each of the uplmk tones 
at 13 kw level. The actual level and pluee of these transmitters can be adjusted in such a manner 
that the effective phase center of the three element array appears to be adpistable from the space 
craft antenna. This adjustment is achieved by the pilot location centred subystem which is u«ng 
input signals from the monitoring antennas of the downlink beam. 

The frequency plan for the phasing circuits is outlined in Figure 1 . 1 .5*1 7b and a detailed description 
of the retrodirective system is given in the MPTS Phase ill Studies. 

The operation of the above described system in real life is influenced by a number of practical 
limitations which degrade the power transfer efficiency from its ideal value. 

Table 1 .1 .5-1 1 gives a summary of the considered errors. I hcy can be divided into random and 
systematic categories. In each case phase and amplitude errors can be distinguished. 

The results of this error analysis are summarized in Table 1.1.5-12. 

WBS 1.1. 5.3.5 Harnesses 

WBS Dictionary 

This element includes all productio't hardware to provide power distribution at the subarray level. 
The subelcments in this category include the pigtail connector for the sn.barray. busing between this 
connector and the klystron r.iodule connector, and the klystron module connector. 

Element Description 

The conductors on the individual MPTS antenna subarrays are insulated circular aluminum 
conductors. The thermal environment for the conductors is relatively benign since the klystron 
radiator system is designed to radiate away from the waveguide surface. Each subarray conductor is 
routed from the interface connectioi? at the subarray drop to the klystron. For reliaoility reasons 
no conductor taps are made on the subarray to provide for multiple klystron feeds from a single 
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ORIGINAL PAGE B 
OP POOR QUALITY 



FiSMe 1.1.5*17a Three Pilot Anteaoa Cmitiol Sjrstem 

Closgary ot Srwhola 


rrg^tt€ncte» QtU) 

fp - 2450 

fg • 2460 

ft - 2486.25 

fi - h/32 - 76.5625 
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Circuit DesigaatlooE 

r • receiver 
R • reseneracor 
C • cimjugator 
4 • i*f dlplexer 
t - traassitter 
xq • ■ultiplicr 


Indices 
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F%urr 1 . 1 .5- 1 7b Block Diagram and Frequency Plan of Phasing Circuit for Space Antenna 
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TaMe 2.2.5-1 1 Ulumiiution Erroct Aflectiag Aa tenna Effki»cy 


PHASE 


RANDOM 


AMPLITUDE 


SYSTEMATIC 


POINTING 


ANM»LITUPE 


PHASE JITTER (fy. 


TRANSMIT POWER 


approximate 

CONJUGATION 


ILLUMINATKM 

QUANTIZATICm 


TRANSMITTER NOISE 


SUBARRAY ROTATION 


DOPPLER FRECKIENCY 
SHIFT 


POLARIZArKM 

ROTATION 


CONJUGATOR (5^) 

LINE MATCH 

DIFFERENTIALS If I 

DIPLEXER MATCH 

DIFFERENTIALS 16^1 

TRANSMITTER PHASING (6p| 


ABERRATION 

HWIOSPHERIC DIFFERENTIAL 
ATMOSPHERIC DIFFERNTIAL 


DIFFERENTIAL DOPPLER 


Table I.1.S-I2 Summary of Losses 


SOURCE 

1 

LC^ {%) 

RANDOM PHASE 

1.53 

RANDOM AMPLITUDE (A0, = .05 ) 

1.J4 

SYSTEMATIC POINTING 13 PILOT STATION) 

.14 

SYSTEMATIC AMPL.TUDE (8 LEVELS) 

.31 

RESULTANT LOSS ASSOCIATED TO SPACECRAFT ARRAY 

3.32, RMS 

FARADAY ROTATION (Bonston. WORST YEAR) 

.48% "AVERAGE” 
PEAK. 
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conductor. Connectors are provided at the interface connection, of the secondary structure and 
subarray, and also at the interface of the harness and the klystron module. This provides the 
capability to physically connect/disconnect either the module or subarray for maintenance options. 

Figure 1.1.5-18 presents the conductor summary for the four klystron subarray. Also shown in this 
figure are per unit length tabulations of conductor mass and I^R tosses. All subarray conductor 
calculations for subarray distribution mass and losses were computed using these per unit length 
values. Figures 1 . 1 .5-1 9 through 1 . 1 .5-23 present the results for the other antenna subarray types. 
Total antenna subarray conductor mass and losses were computed by multiplying these quantities 
by the number of each subarray types. 

Element Mass 

The harness mass for each type of subarray was listed in the tables on Figures 1 .1 .5-18 through 
1 . 1 .5-23. The total mass of harnesses for an MPTS antenna is 35.9 MT. 

Elonent Cost 

The cost estimating factor for the harnesses is the same as that given in the Part 2 final 
documentation. 45 S/kg. 

WBS 1 .1 .6 Assembly and Checkout 

WBS Dictionary 

The Assembly and Checkout functions include assembling and packaging of SPS hardware for a 
launch to low Earth orbit, installation of the individu il payload packages into a payload pallet, and 
ground checkout prior to packaging and prior to launch as applicable. This function docs not 
include the assembly and checkout of the SPS modules in space. That function is separately 
covered under the space construction work breakdown structure element. 

Description 

A description for assembly and checkout was not developed. 

Mass 

Mass of payload packages and pallets was estir.iated as 1 It of the mass of contained useful payload 
on an average basis. This 1 Tr estimate was included in calculations of numbers of fiighls for the 
transportation system. (The useful payload was considered to be 90'r of the launch vehicle gross 
payload lift capability.) Payload pallets and payload packaging piovisions are considered reusable; 
they are returnable to Earth by tl.c launch vehicle, except for solar cell boxes which remain 
attached to the SPS to protect solar cells during the transit to geosynchronous orbit. 
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Figlur t.l.S-18 Four Klystron Subamy Conductor Summary 
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Figure 1.1,5-19 Six and Eight Klystron Subarray Conductor Summary 
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Figure 1.1.5-20 Nine and Twelve Klystron Subarray Conductor Summar;. 
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Figure l.l.S-21 Sixteen and Twenty Klystron Subirray Conductor Summary 
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F^re 1 .1.5-22 Twenty-four and Thirty Klystron Subarray Conductor Sumnwy 
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Flpite 1.1.5-23 Tinty-six Klystron Subamy Conductor Sumnmy 


Cost 

A 5 7 blanket allowance was applied to applicable SPS items for packaging, assembK and checkout 
costs. 

1.1.7 Initial Spares 
WBS Dictionarv' 

Initial spaa's arc those spares supplied with the SPS as initially purchased to provide an adequate 
spares base to accom^ lish the construction and the initial checkout job, llie quantity has been 
estimated as 2^ and was costed as 2 7 without a specific breakout as to how many spares of what 
type. 
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WfflCtDWG PAGE BLANnc NOT FIUMEOF 
WBS 1.2 Gromd Recerni^ Stations 

WBS Dictionary 

The SPS ground receiving stations include all functions required to recche i le power beams, con- 
vert them to giidsrompatibk electnc power, and provide ground control of beam formation, aiming, 
and power. Whether the ground receiving stations would be re^H>nsible for SPS flight control has 
not been determined. 

Description 

The design of the ground station is a combined effort by The Boeing Company, Raytheon < Wall- 
tham), arul General Electric Space Division. Each receiving station includes the land area, reclenna 
(rectifying antennal, grid interface equipment, and control and communicatioi^ systems. The land 
sites are 13.l8x 18.7 km (nominal, at 35^ latitude) and each rectenna proper is 9.885 x 14 km. 

The output power of 5000 megawatts is delivered through five l(X)0-megawatt transformer stations. 
Several rectenna configuration options were evaluated. Tlie tilted-panel configuration shown in 
Figure 1.2-1 was retained as preferred concept. 

Mass 

Mass estimates were not made. 

Cost 

Land and site preparation was estimated as S5000 acre based on Bovay estimates (contract NAS9- 
1 5280) of SI 500-4000 acre, with additions for agriculture in the perimeter area not covered by 
rectenna. 

Cost Summary 

Rectenna costs were based on Bovay Engineers estimates for structure and installation, Raytheon 
estimates for the RF hardware and ground planes, Boeing and GE estimates for RF diodes, and GE 
estimates for power processing and grid interface. 

The structure used Bovay ^4 (see below. WBS 1.2.3). which is approximately SI9.3 (of panel 
area). The panel area is 76,7 kni-. 

Land was estimated at S5000 acre for acquisition and site preparation. 

The kF assemblies were estimated at 3c each, with each dipole element receiving 70 cm* of beam 
are.'i, A total of 10.96 billion elements and diodes are required. 
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Dwiles were estimated frxmi Ic to 1^:4 each by GE ami Boeing. A figure of 2c was used. Distnbu- 
tion busses weie estimated at S57 million. iTte cemmamJ and control system was estimated at S55 
million. Power prex^essing and giid intert'ace costs were e^imated as $b74 million. 

A summary folk>ws: 

C ost millions of S 


Land 4 7,8CW aca*s 


Stnicturcs& Installation 

1.4^ 

RFAssemblics& Ground Hanc 


Diodes 


Distribution Busses 

5~ 

Command & Control Center 

55 

"Bare'* Reefenna Total 


Pvmcr Privessmg & Grid Interface 

^■4 


1 hese !• nires anr for one recen ing site. The I O.CKlC) megaw art SPS requires two revolving sites. 

H i Real Estate 

WBS Dkiionary 

ThiN clement includes the land aa'a tor the grvHind receiving stations and all site preparation 
i>eseripfion 

1 he land area iwtuiiement was assumed to he cvtuivaicnt to the SPS power beam footpnnl on the 
ground Hte si/e is nominally I,' IS \ 18.7 Km. ellipti:al, but \aiies with latitude. That ix^rlion of 
the land aaM not used foi active reclenna elements may he planted in grassor forest tas is appropn- 
ate to the climatet to minimi/e reflection o\ the outer fringes of the microwave beam. The beam 
mlcnsitv m this reguni \%ill be less t!ian I mw cm^. The entire receding site will K' fenced. 

Mavs 

Not appluable. 

WBS 1.2.2 Control and Communication 

I lectionic systems are provided w hich cause the spacetciina to generate the required cidierent beam 
The ground-based power of this system consists of beam monitoring systems and a pilot traiisnus- 
Sion system, riround-based systems for control of satellite operations have not been imestigated 
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W6S 1.2.2. 1 Ptu&i: Control System 

On the gnHind the position of the received beam is monitored and the effective i^ase center of 
tiiai^lady configured pilot antenna array is variet! in such a way that the K*am center is kept at 
the center of the rectenna. The uplink frequency is baselined as 24tiO Mhz (to provide separation 
from the down link frequency o: 24SO MhzK Three pilot antennas would be spaced approximately 
two kilometers apart within the rectenna area. Four monitoring antennas would be provided, as a 
minimum. 

WBS 1.2.22 SPSOperatkms 

A detailed aiial> sis of SPS operations has mn been performed. However, on a preliminary basis it 
an’cars that all ground systeni operations can be performed automatically. This does not include 
system maintenance such as the replacement t>f rectenna parrels. The modular configuration of the 
rectenna aiiow's load following and facilitates maintenance. The power collection and distribution 
system is described in section 1.2.4. 3 through I.2.4.O. 
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WBS 1 , l.i Recteima Primary Structure 
WBS Dictumaiy 

This dement ituiudcs 4 I! suptnnt stnwtutc tor the active rectenna 

The simciural desi|;n selected Bovay a?4 It is illuNtiatcd m I leute \ ' l> oxcenMcd tioiu the 
Bovuy a'lvrt 

Mass amt i\«t 

Mass aiul cost eslnnates were adapted irom the Hova\ Repot!. (.'onUact NAS^t | s JSit. summau/ed 
tn I able 1 '31 

HBS I 2.4 Kiieriiy i olks tioii 

HBS Diclionars 

the lecteniia eitetcN eoUeetion \wtein uuludv^ all aeloe elemeniNv't the KT IH cvMwei^u'n ^\Ntem 
dipoles, niters, diodes, emuonmenial shieUK. eround planes, and am mieeial busstne Ilie eneiex 
eollectuni \\ stein \\asd»etinevl b\ KaNthcvMi uiuiei sutvontiaei aitil is documented m t!u* Thasc 111 
MIMS reivit tBs>ok l\d m detail 

The rectenna siJ*e optimisation wa^deveU^ped i>n the basis ot an nnpi\>\eii dio le etticienes nu'vlel 
and a rectenna re\enus per m" parameter bevoiul whuh collection uaMnaia:inei Uie implecu nta 
tiou ot such a svst 'm will iVi|uire turthei deluutu>n ot lun\ best to coneentr.ite en > ie\ vm ibe 
dipole, such as ihe use of' the ‘hodme'^ antennas, 01 methods ot elticienth paiallelate dipoles to 
diodes 
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Table I.2J-1 


SYSTEM NO. 4 STEEL FRAMES ON 32 FT. CENTERS, WITH 13 LIGHTGAGE 
STEEL PURLINS AND ONE ALUMINUM PURLIN AND M>ANOREL FOR ELEC 
TRICAL CtmOUCTION QUANTITIES FOR ONE 96 FOOT SECTION. 

1422 LBS. ALUMINUM SHAPES • $1.50 $ 2,133 

10377 LBS. LIGHTGAGE STEEL « $.36 3.736 

13277 LBS. STRUCTURAL STEEL • 142 S.S76 

2 EACH CONDUCTOR INSULATICHI MOUNT 9 $5.00 10 

1 EACH CONDUCTOR SLIDING MOUNT • $6.00 8 

3 EACH 2‘ 0 X S' LG. FTG. • $50.00 ISO 

3 EACH 4' 0 X 7‘-6*‘ LG. FTG. # $200.00 600 

1 EACH JUMPER CABLE 9 $30.00 30 


$12,243 

5% CCN4T 612 


12,855 

10% PROFIT 1.386 


$14,140 

14.140 

C<»T/SU FT - - $1 Wm FT GROUNCH>LANE - $19.32.M^ 
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ffce amTpl ylilines a watik'r |»»w»f dif>i»lr c<w%wr«ikMt A»*n i«» F^pe 

1.1.4- 1 , wtwfli is aniefislaWte tt* mass lawducl^. AM niairriA aw wiriWjr and «f 

lo«f ci^t, Thtf ittifichanitfal d«>s%« \% anwt^aWe to aultfiwaiad predwctton. IWnp Ihe pw* 
fteidy fm.w«m wcHnmt wnMimiinn awihods fmm tNr JFi/l«j1l»on !«». a ntow tflfcknt two 
desipn fonnai has l»wn dewtoiH-d iFi|u i .2.4*2). An »kt«al ttowidifir «sttc» has been eratn* 
atei to r,f. l«t» and is stowm to Fs^w 1, 1,4-1. Hm? nwtat stoeM u«d » (nwnk iwitonawntid 
fTOtwlKsij as m*U as prwnt dinect radtalttiti ©I" hwmwic powet , M», tlw di: tois f*c«Bs 

j»rt of thf fdtor and r.f. wriirwalww timiii. 

An Artists* con«,*ept ssf a y^©sinp mirnna factori* is stosswn in Fto«re i.1.44. Hairriafe. in at 

o*r end of the 1'ac‘tori’ mt ht$k ingredients to hiph sipeed auton»aied »*B,tif»:tMrc swto awemhly of 
rectenna panels which conlimionsly fto«i Ihc inositip facteai , Tlie details of the nianufactur- 
iisg; (pwtxTs a« fieen hi the MFTS Phase III sfwly wport. which, Mms itwindes a disr«»ti« of the 
impact cd" strwctMrat loadm,fs. 

) . 1 . 4. 1 l»owin*l Hames 

nte two plane des.»:jm consists of the aetke receninp elements sme! a a*t1ecting plaix*. or gwund 
plane. I'he rellectiiip plane need oiilf^ he a inelaHic nicdi with siiitaWe sp».'ii^ lelatoe to the waee- 
length. RelVt to Fipuie 1. 2.4-2 lot the form and kx'ation of the griHind plane. 

ol -.1 mesh .plows passage of (he wimt. rain, snow. els-,, to mince stnieinraJ Soi^ini^, 

1.1.4, 2 R F, ,4ssnnhlies 
:::lii::iifeplaiieseoiiti»Bsiie4iali>wase;;d||Xd^^ 

:;sniiiifhiito;:ea(miataiieei;4hdi;llkllMi|tok*f 

iilheielectikcaliiiiwiiiiafistiiesi'pilpi 

foreplane ionsiruction .isdet’meil in Figtire I 2.4-S wilh the ashlilion of a sIneW. Fhe foreplaiie 
::sltowk:;ii:;:iiiMteiKE2:::44sliaS::;h|e*ii;hpl»iilis|e 

1 lonmi {«> he equal m eflieiencs lo that of Ihe ihree plaiie eonstrwctioii. Figure 1. 2.4*2 dioweil 
Ih<w the !orepl,tne can h*- {ntegt.sted with the reilectoig screen lo foiin l!te m*yor jHWtroii of the 
reelenna straeiute li is found that the inelal shield placed ou-r the aeltve |w*rtJon of the rectenna 
todndd It from the emitvminent ami to piesent diiect radiation of hamioinc ix'wer from the leeti- 
::fle:r:eitoiiit:;eah4iitiet:iiiisi|:f|is:ai;isik 

I.2.4..1. 1 lti|Htk*s 

l»i.‘ drptdes .irv forined of .dnmminn wtie as shown m Figure I. , 2.4-0. 
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HALF WAVf 
DIPOlt ANTINNA 


i SECTION lOW PASS 
MtCKOWAVE FILTER 

HALF WAVE sCHOTTKS 
lARRIIR DIODE RECTIFIER 




INDENT ANCt RSPASS CAPACITANCE 

TC' resonate ^ND OUTPUT fllTER 


rectimer circuit 


mu- 


Fiiafv 1 ,2.4*l. CutawAv wction of thif thi««>|)lanc nvtrnna aiHTntach mshI in Ihr RXCV at JPL's 
OoMstone facility showing how the reclenna elentents j>h»^ Into the army. 
.Although this apimtach was satisfactory electrically, it is complicated from a 
fabrk'atmn point of view, greatly i^plifietl niechankal appioach b the 
two-plane system which preserves all of the desirable electrk-al pr^iperties of the 
three-phme systm. 


lO.T 


^^RUUX,\I PAlIK 

'•'i*' t\\)H gi Al n\ 




VERTICAL SUPPORT 


RECEIVING 

<»OIPOLE 


DC 

POWER 


IvMETAL 

ENVIRONMENTAL 

SHIELD 


Dtswtn^ of the two^Jlane fecto^na coi«staictioii fomitt consh^ing of a reltectiii| 
soeen or pound ptone and the foteplane whkh contain® di^le antwma, wave 
irateis. diode wctriefS. and bus bats * aM protected from the eiwioninient by a 
metalshMd. 


assembly of five roelcnna elements. This section has been robsliluted for 
of the three level construction in a rectenna awl fouiki to perfonn as well 






igni^ 1 .2.4-4, Artisf s Cniicept of Moving Rectenna Ftclory 






V ^ 


-TUI' 




V 


mm 




‘‘tv » :.£C7?ON 2 ^£CTiON n 2 -1 » SECTION in 2^ 

F^ure 1 ,2.4-5b. Schcniaiic electrical diawing showing how the sections of diodes represcntit^ the 
rertenna elements within a long length of foreplane nre conriected in parallel and 
series to build up to the desired output current and voltage levels. 











CiraiMfy 

lo I igurr I ' 4 Un ih%* cks UKut ctrcuil of Ihc PafWi in;»^ivoiincvlHm^ 4f^ 

ikscnhrJ i« \ 2A 

I 2 41J SiMteaniC iivm 

*li4' \h4mn in Figinr I 4 Munii^ly suin^Nts ihal Ihc mct^l vhicUl tiMl i' csM^ttU^l fo iN* 

dccliunl niHi cmwniwcnl^l dcvtgti <jt\ ^Im» fum Ih»« 4% ihc |Hin%‘t|^tc k% 4 il-bcann^ lion/iMil^il ^«riH 
lurat member in cilhci 4 rt^f \*r >crt 4 tC 4 l %cs. U"«ii 4 It is il^ |Hii|H%hC of ihi% wluni lo in4kc 4 n 4n »H 
of cht 4 vhicM 44 the hoi ir* 4 mi 4 l stnicluful x 4 ciiHnrl 4 IhI to ilcicrmit^ the thu kuc 4 % of the Uiccl 
tnel^l lixMn ijihK'h it in l 4 hm 4 tc%l 4 n 4 fuiwiHm ih length of N|Nm bctiikccii I 4 ici 4 l viipinni 4 ihI iIh* 

^ k^ini^ or ottn^r to^dmis imi^rcv^d uinni it i>l coio ‘ 'he % of the tiicmlHM in nc 4 ib pro 
(HMnimid to tl^ IhwkwvN of the iii 4 lcn 4 h m' thm the thu kiicNN |\it 4 inctcf in 411 Hii|Hn 14111 %mic 

l^c Nh4|^ 4nU Nu*c of the nIiicM NhoiMi ui cionn \ccIh»ii lit I ifiifc I ' 4 T in %lclcnuinc%l In 4 mmiK i 
of l4Nlor> Hie vicpih of the Kmiii in deleitiiine«l b> the nece\N4i> UtNiJiue of 4b%nit one iiwh 
fvfi^ieeii the half n 4 vr ilitH^c anteniUN 4iul the ictUvliiig wivcn 4 IhI the iiwiIuhI ol 4NH*tnMtn,e the 
Nhn'UI to llu' Nfc^reeiv Ihe 4Nwnibl> of the Kmui to the vieeii i\ im|H>ti.inl but the %^piionN ^'ii lu'n 
to %lo It 4ie ^netclv H\ ituktn^ the 4ue?il ilee|Vi aiul iHNeiliue il into loUK in the vieen 4 

HVute, taM. 4 ihI eNon^nnuMl 4N\etnbb * 411 iCMiil niIiiU* 4 K 0 ponulmg ttu* Ihmiu ^ iti cjealci Nfivncilt 
Kv4»h* ol the ^lealei %leplh the uullh \>\ the NhieUI t\ l4i^et\ itefcnnine*! K the ph\% eal si/e *n 
the eoiv 4VMnnbh aiui the miinivineiil lot o|H‘i4tin^ the erne 4NxMnN> 4l M^ne iH'ienlui leinoNeU 
tunn guniiul the thukei flu* 4NVinbh Ihe tnoie mil Iv ihe miul reMNtJiwe the ihukneNs oi Uu* 
inetnbei o nuufe eoiiNfjni ihtoii^luHif ilNilepth to piiuule u uilli high IoimoiuI leMNlatue It the 
top 4iui iHOtorn tnemlviNi'l Ihe NhieUI .ne »|uife thm, lhe\ ^ Iv ej\en leMNUtue to Inu klme miuU i 
esN In lonmng l.tletal guHueN m the nuite uit 

Mthouiih ihe %lniieiiMofo jnm^iu^I *0 fi^iue I ' 4 ’ nuo be NomcNNlut 4ibUKir%. !he\ aiv ifuife 
teprev^iUaine o\ wlul the iU'Mgn uiU pioImN\ tv ^ith tluv jppUKuh \^iih iJu .inmuiuuI dunen 
Moi:s the nentt4l avis i\ fonnvl to Iv at I iM4 nu h aiu! Che momeiil of ineina in louiut lo b * ? hV' 
l, ntwie I IN the llnekivsN of the tnaleital 
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Fifoiv 1.2.4^. Pruposed meihoU of coatinootis fabrintioA of the cort mmtmkif of w ct ei wi 

Top Md bottom mcnrtiets «t ctMMtammsIy fonned from two foBs of 
Hot wwe to t^ left of the msen^y. Dets^ of the above dmwi ag have been 
mpcfccded by a new dcs%n shown m Figure 1 .2.4>2. 


yMEUTftAL AXtt 



Figure 1.2.4- 7. Proposed tkni^n of the shieM for the forcpbne assomNy. IH^sign consists of 
three |iarts. The parts are continuously assentbkd to each other by rollmg over 
fUoges left on fop and side pieces, after the parts flow around and enclose the 
core of the foreplane. 
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1 .2.4 J ^wcc CoMrc^tMi 

Tile KCt^iM the RF radialkHi of the PSS and converts this RK pi»weT to UMct^l utility 

for puNic or industry' consumption, nearby or far from the rcs'tenna structure. The s«e and 
conT^uiation of the rectenna is determined by the PSS itnliated beam which is detennined mainly 
frcmi the amount ot radutcd nower. the safe radiatkm densities (on earth and in the iomtsphere) 
and the ec%»nomy of tx^wev collection (as determined tn^n the RF c*4lection elTicieiKV, the conver- 
SR>n eiYk'ietw> of RF and the instaUation expenses). It appears at this time that the iH'imnal sire of 
U) km t\*r the rectenna radiatic .*e,im o the most feasible dimension for collecting (iW of tH'wer 
31 -.45 iJHt. Such a cxmfiguration ctmiplies with the preiiouslv mentioned cor»traints at ir.axi 
mum power denstiy t*f 25 mw cm* and with minimal atmospheric attenuation efi'ev ts; es|secially at 
extteme weather conditkm.s. with .xcaskmal i.un. at the northern i\*il of the gbbe. 

The of 5.S IS aftracibe frwi view of sniaUcr sue lor the avteima structure Th\\ 
aiham^e, however, ts ollWt hy the tieartv increa^ in the on-avisb RF ndd deimiy, sanu* 

d^mialion in the emKend efftciencv, ^nnewhat higher rain attemiation levels, amt Us.\ total 
revenue. I hw aa«al> vo. as well as the atmospherie amt ionosphene ertVcis on |Ik‘ railiai ton beam are 
elaborated in the Rtase III MPTS diKumeni 

Included withm the psVienna structure is tiw grvHUHi segment of the remHiii wtive phaw' control 
link which inchides separate RF trans-receive ground stations which are described in phu>e control 
sectHvn of the lelVrenced di^ uincni 

The rectenna is coinpiWi%l basically of I MW panels which are grouped together as show n ui l ig 
F 2.4-8 tdescriK'd m 1 2.4.4 below >. 

1.2.4>d. I Layvwtl of Reelrnim Paiieb fw RF Crdlection 

fhe receiving rectenna eleinents Kvallv absorb the Rb radiation of then small aperiuic area and 
deliver Its cv'nverted IK’ version to *hc Uvat unit IK buss bars. In this way the aecumulaled IK’ 
jHswer wvHild be independent x'f the Uh al phase front of the KF received |H>wei of the individual 
RF elements Ihc sue ol the panels which carry the Kl eleinenls is detemnned by the shadowing 
diffraction effects which nu'dify the RF tietd levels *m the ek>nxecutive panels 

The layout of the panel cvnUigurations i> shown m I iguie I 2 4 ^ At high latiUules. u o alwav n 
slnieluralty desirable to have Luge values tor IL which traiislatCN to large values for K Vhi the x>ibei 
hand, the diffiaction iumtations ivsUiet the values of II and makes it desirable to have Hat lectemui 
structures which iseasiU achievable at low Liimide locatu>nN of the iw tenna l lus hlml^, tunscvei. 
the width of the collecting panels at higher latitude kvalions 
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Fl^fc 1 .2.4-9. Layout of Rectenna Ruids 
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I.2.4.3.2 RF/DC Convvntoii 

The RF/CK conversion occurs right behind the radia'ing ekments using simple detectimi Schottky 
barrier diodes- These are back biased, by the buss bai generated DC voltage, which allows conduc* 
tion of RF chaigii^ current pulses only in small portions of the RF oscUbtion cycles. Randomiza* 
tion of RF phase at each RF radiatii^ element would randomize the charging pulses and avoid 
accimiulation of RF ripples which can be wasted by radiation on the DC buss bars (which reduces 
the RF/DC detection efOcktKy). Fortunately this is the situation of tiie rectetma phase front 
after passing through the ionospheric and atmo^eric layers which is also sequentially phased by 
the neoJ tor usii^ a flat rectenna. where the radiating elements ire arrayed in a plane tilted frmn 
the plane of the unperturbed phase front. 

The optimum efficiency of the rectifying elements is attainable at specific RF density levels and at 
specifle DC load levels. The matching DC load increases for low RF density levels, which makes it 
needful to use different elements at different locations of the rectenna. Higher impedance elements 
ate needed at the rectenna edge locations which is concomitant with the need to array more parallel 
elements to teach specific power levels. The receiving aperture cross-section area of such an element 
is approximately 50 cm~. The conversaon efficiency of the element is averaged to be 89^f. with 86'e 
efficiency at the preiphery of the rectenna at power levels of approximately I mw/cm-. and 
at the center of the rectenna at power levels of 2 1 mw/cm-. 

The RF/DC converters are anayed in units of I MW at a DC voltage of t2 kV^ These again ate 
arrayed to form 2x20 MW' primary units at the same DC voltage. The IX/ efficiency of arraying to 
the level of 40 MW' units at ±2 kV' is evaluated to be 97^'r. which leads to total RF/DC efficiency of 
approximately 85^. 

.All the primary units of 40 MW along a radial line of the rectenna are locally converted to utility- 
power levels and the power flow is directed radially to or out of the center of the rectenna. 

1. 2.4.4 Local Busing 

The collection of the outputs from the I MW' primary units is done into blocks of 40 MW. This is 
shown in Figure 1. 2.4-8. Two 20 MW power bkx'ks each with i2 kV' is connected in parallel to one 
converter station. The DC cables will start closest to the periphery' and run radially lo the 20th 
primary unit in each block and then to the converter station located at the midpoint closest to the 
center of the rectenna for each 40 MW' power block. 

The 2 kV DC cables will be run in conduits and tapered to allow for the increasing current levels 
approaching the converter station. 
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1.2.4,$ Wstriboted Processii^ 

Ccmver&ion to AC b perfcMined in a total of 1 25 40 MW converter sUiiom. The converter stations 
ate shown on the diapam in Fipiie 1 .2.4-8. The rectors diown are sntocdhing re^^tcns for tte 
purpose of reducing rippfe currents. 

Tin: vollage-cuneni charmrterblic of the rectenna. wer the range to be c<Hisideied. can be de^^hbed 
ac a constant power rectangular hypertnda. At hi^ vintage and low current, an automatic diort 
circuiting device or “crowbar'* will be provided as an intepal part of the lectenna. Likewise at the 
low vtdlage. current end. the chanK'lerislics will be terminated by a Aort circuit. The only 
usable portion of the curve b the iminediatc vicinity of the rated voltage point ^ diown in 
Fiptre I 2,4-10, 

inverter in the ci>nvertcr station b an electamk device callable of sc\eral modes of ccmtixd. 

Tlw lincvoniinutated inverter b chosen for the SPS system ami the inverter will operate in a 
cm^tant vohage mode. It is not fH^ible for the inverter to affect power thoHi^mit, It is 
Iheiefon? the goal of the ccmtrxd system and mode of opeiatkm to pnnide reliabh? operation at m 
optimum a (H>wer factor as ptmibk^. 

In Edition to the constant voltage portion of the converter characteristic, a constant extinction 
angle i > > curve will be provided as a back-up dunng continfxmcies of low A(" line voltage 

Figure I ',4 I ! desc ribes the converter control in bkvk fonn. The “regulator" is seen feeding a 
Iransthiccr V which converts a voltage into an angle tor timing) for the firing pulses to the 
thynstors of ihc comerter bnUgc circuit, 

A IX' voltage sensor pnnides a nu”a!4ire of tne actual voltage which, when compared with the 
re fe a* nee volt age 1 1 | ) , p rov ides thee rror sign al for the regu la t or , This au I om at ic volt a^“ con t ro! 

loop IS the primary control of the converter. 

AC line current and AC line voltage are ineasua'd tas shown) and a relative timing signal is 
develo|H'd which results in tneasua'inent of extinclum angle > This ituantity is compaanl to the 
extinction angle reference and the rv'sulting em>r signal passes to the a*gulalor and holds the 
constant > curve wlicn conditions aiv such tlial cimstanl vidta^' cannot he hiCld 

A brunch in the y quantity is shown passing thnnigli a deadband controller and affecting the load 
tap changer on the pninaiv of Ihc Ir.insfivnucr This forces the converter to operate in the steady 
stale at its tvptiimim eonirol point am! eompensalcs for variations in Al' system voltage. 
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Fiffm 1.2.4-10 Converter OunKteristic 



Figure 1 .2.4-1 1 Converter Control Block Diagrem 
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1. 2.4.6 Grid Interface hro^kiom 

The converter thyristor bridge citcutl feeds altenuting cur^nt to the converter tramfvmner which 
ste^ the voltape up to kV to 60 

Filters connected to AC bi^ absorb current hamuHtics generate in iht ccutvertcr. Vhe Ai' 
wave $hat>e ist thereby kept within acceptable hamionk: centeiil limits lor the utility grid and 
as^iated plant equipment. 

The converter station output, at 69 kV and a maximum current of 400 amperes » transmitted by 
undergnHmd cabfc to the Imnsfonner statkm as shown in Ftixite l.«,4 1 2* 

Tire converter station, once commissioiied. operates automatically. All switching, startup and 
shutdown ate dircctcd and monitoanl by a small computer system in comunction with other 
converter and station conmil equipment. 

Since the rccicnnas are constant power devices and the DC; A(' converter can in no way affect 
power How, the contitd of pi>wcr can he applied on the IX' side. I1iis means that either the Rh 
level nuisl Ih' conlixdled .it its source or the number of rcetennas eonnected in parallel must be va6 
led. C^itx'uit ba'akers provided for rectenna protection can als<5 be used to add or remove units in 
order to control power, but not on a continuous basis. 

The collection transfonner station gathers the power output of 5 converter stations, connects 
these circuits into a reliable switching arrangement, and transforms the AC |H^wer frvnn 69 kV up to 
230 kV\ This is done by physically and electrically arranging amt comuvtmg standaixi electrical 
equipment into the desired eonfiguration. The cleetrical configuration provides txiiability by a 
“btx'akcr and a tialf' scheme 69 kV switchyank A single conting^’iicv outage can be Mistained m 
the o9 kV sw itelnard wiilunit loss of power output capability. To pivntde s'omivnsaiion ft^r the 
inherent lagging power factor charactenstUs of the converter valve and tmaslortner equipment one 
UX) MV AR synchronous condenser is connected to the 69 kV bus. The synchronous condeiiM^r 
rating is clu>sen to allow synchronous condenser maintenance on adjacent collect jori; transformer 
stations without curtailing power output. 
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The stejvup switching station receives the output from five collection, 'transfonner stations at 
ivto kV anti transfonns the voltage to 500 k\'. The “bleaker and a half scheme employed can 
sustain any single contingency '.tO kV switchyanl fault without teduction in station output. The 
selection of the voltage level for the ultimate bulk power transmission interface with the utility grid 
as well as tne possiblity of interconnecting two or more of the J iHX) MW switching stations together 
should be optimized based on detailed infotntation about the connecting utility system. I'he 
solution sliowm in Figure 1 .2.4-1 ' is one of several pcwsible. 
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Future 1 .2.4-1 2. Grouird Power Collection 
and Tranwiission System 
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WBS 1.3.0 SPS SPACE CONSTRUCTION AND MAINTENANCE 

WBS Dictionary— This clement includes all space facilities, construction and maintenance equip- 
ment. crew habitats, and the in-space crews. 

Integrated Space Operations and Maiitenance Concept Description 

The integrated construction, maintenance and trasnportation operational concept for Low Earth 
Orbit (LEO) construction of the CR=1 photovoltaic satellite is sliown in Figure 1.3.0-!. Space 
operations crews and all hardware and consumables required in space are delivered to LEO by 
launch vehicles. The crew launch vehicle was a^med to be an improved space shuttle with the 
solid rocket boosters replaced by a reusable liquid propellant booster. The cargo vehicle is a two- 
stage wing-wing vehicle capable of delivering appro.ximately 400000 Kg of payload per flight. Crew^ 
flights occur every two weeks while three cargo vehicle flights are required every two days to each 
construction facility for the ca^ of constructing one 10 GWe satellite per year. 

The LEO construction base is nominally located in a 478 Km circular orbit at 3 1^ inclination. This 
base houses a crew of 480 with overflow quarten; for transients, e.g., those crew' members awaiting 
transportation to some other location. The primary purpose of the LEO base is construction of 
eight SPS power generation modules and two antennas. The satelliie construction timeline is shown 
in Figure t .3.0-2. The base also serves as a staging depot for orbit transfer vehicles used to carry 
construction and maintenance crews, crew' supplies and replacement parts to the GEO base. A con- 
struction crew OTV^ flight to the GEO base normally occurs once every three months. .Maintenance 
crew^ and replacement components are also transferred to GEO every three months. 

The satellite modules are equipped with electric propulsion systems and flight control systems for 
the self-powered trip to GEO. Figure 1 .3.0-3 shows a typical module arrangement as configured for 
the transfer. I hrusler installation are located at the module comers for maximum control author- 
ity. Propellant tanks are located at the centerof the module. Although the propulsion system is 
primarily solar-electric, some chemical i LO 2 /LH 2 ) thrust capability is also provided so that control 
authority can be maintained while flying through the Earth's shadow^ and during periods of high 
gravity gradient torque. 

The GEO base is used for final assembly and maintenance operations. The final assembly operations 
include module berthing, antenna placement, and deployment of solar array. The maintenance 
operations include refurbishment of failed SPS hardware. The GEO base is also used as a staging 
area for the satellite maintenance crews, mobile habitats, spare parts (LRU’s) and their orbit transfer 
vehicles. The GEO base houses 60 final assembly crew members and up to 240 SPS maintenance 
crew members. 
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Figure 1 .3.0- 1 Integrated Space 0|iera tions 
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Figure 1. 3.0-2 Photovoltaic Satellite LEO Construction Timeline 
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Figure 1. 3.0-3 Self Power Configuration Photovoltaic Satellite 
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The maintenance crews are dispatched from the GFO base in an O TV-pro|H'llcd ca*w rmniule along 
with an OTV propellcd replacement parts module destined for an opcrutKM\al SPS Uul is scheduled 
for regular maintenance. The maintenance ca*w will visit each SPS two times |vr year and w ill 
spend four days a^placmg defective components before returning to the CiK) base or proceeding \o 
the next SPS 

Coiistniction Cost Summary 

Construction costs include amorti/ation of the facility and equipment and its transportation, crew 
0|>erattons and support, and construction crew transiHUtalion Values shown were obtained from 
the Part U tlnal report. Vol. o, except for ca'w t''ansjHnlation cost. 



('ost in 
MillioP'i 

C t>nstruction Base Amorti/auon 

<>‘>5 

C'rew Su]>port and Operations 

>!-' 

Total direct 

1 10^ 

Crew Supplies lranspi>rtalion 

(54.^) 

Total Related to ' ‘mstnicfion 

( |p.^4) 


Non C'rew aiui supplies transportation is reported as a space 
Iransportaiion cost m the overall cost summarv. 

WBS 1.3.1 Low Earth Orbit Construction Base aiul Operation 

HBS Dictionary 

Ihis cicmcni mcludes the facilil\ framework, crew modules, work nuHiulcs. caigi.> luiuf ing distrib- 
ution s> stems, base miI^sn stems, eonsiruetion equipment and maintenanee pro\lMon> that eonqnise 
the low I .nth orbit eonsuuction base 

Summary Description 

\ 1 O coustuieiiim base for tile pluUvWv'dtaic satellite consists of two interconnecting facilities, 
q (he facilities is used to cimstrucl the module and the other is used to construct the antennas 
.shown m f igure ! 3.1 and I ,v3. 

fhe nuHiiile construction facilitv is an vqviw’iulcd structure which allows the 4-bay wide module to 
be constructed w ith only longitudinal indexing Tlicrc arc two sets of internal working bays Hie 
aft hays ^rc used for structural assembly using moving beam ma»‘hines and crane mampuialors 
atlachevi ! oth the “A" level aiul **P ' level surfaces i'»f the facility. Svdar arrav and power ilistn- 
butiou compenents are installed from equipment located on the “A*' level in the forward bavs. (In 
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Part II, the arrays were delayed from the k^vtl of faculty. Cai^ movanent con- 
stderations led lo relocating this operation to the “D" level). The satellite module ts ^tpported and 
index^ by nmvabb lowers kic^ted cm tl^ ■ kvel of the facBity. 

The antenna facility h luoited willt re^^cl to the modide facility in ^ich a way that the antenna is 
con^rucied at a location where the ompfeted antenna can mated to the ydke withwt any verti- 
cal movement. The antenna ccmstnn:lion facility tako diown in Figure 1.3, 1-2) is configuied in an 
open-ended stnictuie that k fhre antenna bays wide which aUows tl^ antenna to he cwstnicted 
using both lateral and Itm^ludinal inikxmg. The two end bays are to ^seniMe the {Himaiy 
structure and the inner bays ate u^d to deploy the secondary structure and ^barrays , and to 
inst^ the power distiilHitkm system aiul mauitemmce gantries. Crmstruction equipment operates 
from both the ami ‘T"’ leveb of the antenna facility. 

The antenna f^ility concept has been chani^d frem that diown in Part II to reflect the “A'* frame 
t Vee Ridre ) primary striK'ture of tN* antenna described in Section 1 , 1 ,5, 1 . 1 , This new antenna con- 
figuration was cho^n as a re^lt of the maintenance analysts which shows that this primary struc- 
ture provide better access for maintenance than other altemati%’e structures. 

The module construction sequence for the structure, solar array and |K>wer buses begins with build- 
ing the first end frame of the structure. This completed end fnune is indexed forward one struc- 
tural bay length. Machines can then fomi the remainder of the structmc in each of the bays. 
Figures 1. 3.2-3 and -4 show how the beams am assembled. The first row of fotr ba^s is then 
indexed forw ard to allow constniction of the second nw of stmcuiral bays in parallel with instal- 
lation of sol-iF arrays in bay 1 through 4. This sv quence is shown in Figure 1 .3. 1-5. Solar array 
installation and t'onscniction of stnictm. ^.Kcurs simultaneously across the width of the module, 
although neither operation depends on the other. At the completion of the lo bays (four row s of 
bays in length >. the power buses and propellant tanks are installed. Construction of the structure 
and installation of solar amys of the remaining four bay lengths of the module anr done in a similar 
manner to that previously described. Thruster iikhIuIcs for the self-power system ate attached to 
each of the four comers of the module. An annealing device gantry' is installed on each module. 

TIk" module construction timeline is shown in Figure 1.3. 1-6. 

Construction of the antenna takes place in parallel with mcKlulc construction. The first antenna 
is completed during constniction of the fourth satellite module; the second antenna is completed 
with the eighth module. The antenna constniction sequence is shown in Figure 1 . 3 . 1-7, The 
antenna is indexed laterally through the facility one bay a! a lime. When a full width of bays is 
constructed the antenna is indexed longitudinally out of the facility so that the next strip of bays 
can be assembled. When the antenna is completed, it will Ih' located at the proper position so that 
it can be mated to the yoke, (see Figure 1 .3. 1 in Section WBS 1 .3. 1 , 1 ) 
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F^ure 1 .3. 1-4 Frame .Assembly Operations 
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As shown in Figure U.I-8 Uk yoke the antenna is constnicted in the module construction fac- 
ility because of its large dinMnsicms. This requires the yoke to be between the third and 
fourth module and between the seventh and eighth modules. Following yoke ccmstruclion, it is 
moved to the skle of the module facility. At that time, either the fourth or the eighth module will 
be constructed. During the ctmstruclion of these modules, the antenna is completed so that it can 
then be attached to the yoke. After five bays of either the fourth or eighth module have been com- 
pleted. the antenna/y^e combinatimr can then be attached to the module in its requited location. 
Construction of two more rows of bays pushes the antenna outside the facility where it then can be 
hinged over the module for its transfer to GEO. 

Mass Summary 

The mass of the LEO construction base is sununarired in Table 1 .3. 1 -I . 

Cost Summmv 

The c(Kt of the LEO construction base is summarized in Table 1.3. 1-2. 

Crew &inuiMry 

The crew size at the LEO construction base is summarized in Table 1.3. 1 -3. The crew scheduling 
concept that was used was as follows: 

90 day staytime 
6 days on/ 1 day off per week 
10 hours work shift per day (5/1/5/13 work-rest cycle) 

2 shifts per day (2 crews) 

.7^ operator productivity factor 


WBSI.3 I.I Facility 


WBS Dictionary 

This element includes the LEO base facility framework, crew modules, w ork mod’ lcs. cargo hand- 
ling distribution system, and base subsystem 


Element Dictkinary 

The general arrangement of the construction base has been desenbed in Section 1..V 1. In summary , 
the base is divided into two major facilities with one used to . .'iistriicl the satellite and the other to 
construct the antennas. 


Idle overall construction b.ise is shown in greater detail in Figure 1 .3. 1 -‘L The principal el nients of 
the base include the structural framework, cargo li.indling and distribution sysicm. crew nunlulcs 
and base subsystems 
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Figure 1.3. 1-8 Antenna/Yoke/Module Assembly Photovoltaic Satellite 


page is 

OF POOR QUauIY 


128 



D180-2407M 


Table 1.3. 1-1 LEO Construction Base ROM Maas 


FACILITY 

FRAMEVMMK 

CREWMKHKJLES 

CARGO HANOLING/DISTRIBUTION 
BASE SUBSYSTEMS 
MAINTENANCE PROVISION 

CONSTRUCTION AND SUPPORT EQUIPMENT 
STRUCTURAL ASSEMBLY 
ENERGY COLLECTION/CONVERSION INSTALL. 
POWER DISTRIBUTION II^TALL. 

ANTENNA SUBARRAY/SEC STRUCT INSTALL. 

CRANES/MANIPULATORS 

INDEXERS 


loHj 


(5300) 

2500 

2000 

400 

200 



too 


(4001 

80 

60 

20 

30 

180 

30 


DRY TOTAL 


(5600 


CONSUMABLES (90 DAYS) 


TOTAL 



INCLUDES 33% GROWTH ALLOWANCE. 
OTHER ITEMS DO NOT INCL. GROWTH. 


(270) 

(5870) 


r 
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Table 1.3. 1-2 LEO Omstnxrtion Base ROM Cost 




FM:ILITY (34K) 

FRAMEWORK 350 

CREW MODULES 2870 

CARGO HANOLING/DISTRIBUTION 330 

BASE SUBSI^TEM 15 

MAINTENANCE PROVISIONS 

CONSTRUCTION AND SUPPORT EQUIPMENT (1310) 

STRUCTURAL ASSEMBLY 350 

ENERGY COLLECTION CCmVERSICH4 INSTALL. 165 

POWER OISTRieU' 'ON 75 

SUBARARY INS1 Al *. 80 

CRANES/MANIPULATORf 560 

INDEXERS ») 


BASIC HARDWARE (47TO) 


SPARES 115%) 

INSTALL, ASSY.C/0 (16%) 
SE & I (7%) 

PROJ MGT (2%) 

SYS TEST (3%) 

GSE (4%) 



%OF 


BASIC HARDWARE 


TOTAL 


715 

765 

335 

95 

145 

(7020) 
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Table 1.3.1 -3 LEO Constniction Base Crew Size Estimate 


aasiaas 


BASEMOMT 

CtOI 


CCN^TRUCTiON 

062) 


MGMT 

22 


MOtHItE 

68 


ANTENNACONST 

82 


SUOASSEMBtY 

49 


MAir4T 

49 


LOGISTICS 

42 


TEST/QC 

40 


BASE OPS 

139) 


MGMT 

7 


TRANSK)RTATK)N 

18 


COMM 

8 


DATA PROCESSING 

6 


BASE SUPPORT 

<77i 

ORIGINAL PAGE IS 

MGMT 

8 

UTILITIES 

MOTEL 

14 

38 

OP POOR QUAiriY 

MEDICAL 

13 


ELTCWT 

4 


TOTAL 

4^ 




NOTE: ALL DIMENSIONS IN METERS 

Figure 1.3. 1-9 LEO Con..truction Base 
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The framework for both the module and antenna facilities include upper and lower surfaces to 
which construction equipment is attached, the saleilite is supported and other base elements aie 
attached. 

Ten priinar> ca^w modules aa' located in an aaa whea the greatest concentration of personnel aa 
involved while performing their daily duties. Six of the modules serve as crew quarters and four as 
work centers. Other passuri/ed shirt sleeve work modules an? also pasent but serve only as small 
work quarters sometimes refera'd to as a'mote work stations or eontroi cabs. 

Docking provisions for all transportation vehicles are located along the hack edge of the module 
facility fhe t»rbii transfer vehicle operations center is located at the opposite end of the base from 
the crew imxlules due to the a'quired proprellant transfer operations. 

Each of the base elcmenis is described in additional detail in subsequent paragraphs. 

WBSI.3.I .U Framework 
WBS Dictionary 

This element includes all of the structural elements that comprise the framework of the I FO base. 
Element Description 

The stnictural framework of the conslruciion base must provide a mounting attachment surface for 
all construction equipment as well as mounting provision for other base elements such as crew 
modules, cargo handling and distr.bution systems and base subsystems. 

I he structure of the module facility consi>ts of five 200in trusses formed in the sluqv of a ‘T " that 
aie connected togetfuM witli three 2(H)in lateral trusses in both the upper and lower surfaces of the 
facility as w as slunvn previously in Figure l ..v i Fach truss consists of four !5m beams running 
its entire length Fhe truss also meludes tvrpeiulicular and diagonal members which aa' also 1 5m 
beams Fhe I 5m beams are the same type as used in the satellite with all individual struts having 
a wall thickness of () t)5 cm (0.020 in.) resulting in a mass of 5 kg per meter, Tliis sizing ap|>ears to 
be rather eonserxatne but seems justified at thi> point m the analyses I he module construction 
facility was iou\u.\ to have appn'Xim.itcly 4550iK)m of I 5m beam. 

The antenna construction facility was assumed to have truss depths of 50m in its upper and lower 
surfaces As a result, a Iota! length of 55. (MK)m o\ 15m beam was estimated. Again, the 15m beam 
was assumed to have a mass of 5 kg meters 
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WBSlJ.t.1.2 Crew Modules 
WBS Dklionary 

This element includes the crew modules designated as crew living quarters. The crew module struc- 
ture, electrical power, environmental control, life support, crew accommodations, and infonnation 
systems are described. Excluded from this category^ of modules are the crew work modules, the 
crew buses used to transfer personnel around the base and the small two-man control cabins used in 
conjunction with the constmction equipment and cargo handling and distribution equipment. 

Element Description 

4 total of five primary’ crew' modules have been included in the I EO constniction biise. The mod- 
ules have an Earth atmosphere environment and have been sized to accommodate crew si^es 
between 50 nd l(K), Accordingly, the modules have dimensions of 1 7m diameter and up to 25m 
length, 

A summary^ listing of these modules and their functions are presented in Table l.5.i^. .Ml modules 
are self-sufficient in tenns of environmental control provisions and emergency power. Primary 
power is obtained through a common power supply provided by the base, l ive crew quarter mod- 
Kics have been provided with each sized for a crew oi 100. These modules provide all of the off- 
work functions associated w ith living, f urther infonnation concerning the sizing of each module is 
pres^mted in subseouent paragraphs. 

As indicated, a transient crew quarters has been provided. The logic associated with this module 
relates to crew rotation perio !s where the overlapping of the crews could occur without causing 
inconvenience in tenns of quartering etc., and also allows for lime to clean up the rooms or modules 
of the departing crew . .\n additional feature of this module eoneerns itself with an emergency situ- 
ation where one of the primary crew quarters has a failure or in the event a crew scheduled to move 
from the LtO base up to GEO or back to Earth arc unable to do so due to weather, vehicle trouble, 
etc. 

Floor area requirements associated with a 100 person module and the division of functions among 
the decks of the module ate shown in I'igure 1.5,1-10. The indicated area allocations are based to a 
large degree on the Rockwell Integral Space Station Suid\ It slunild also be pointed 

out that the indicated areas retleet having all 100 people present winch is a ease which occurs one 
day per week v. lum both shifts are ofKiuly. 

I'hc size of the module to contain tlie required iloor space is I “*m in diameter and approximately 
20m in length including the spherical end domes. The module is divided into seven decks with tlic 
indicated functions pei formed on each deck. General arrangement within each deck was not per- 
formed at this time. 


133 



DI8CK24071-I 


Table l.i.l-4 Construction Base Crew Modules 



MODULE 

QUANTil Y 


FUNCllON (PROVISIONS) 

• 

CREW OU ART LRS 

5 

• 

PERSONAL QUARTLRS HYGIENE 




• 

PHYSICAL FITNESS, RECREATION 




• 

DINING 

« 

TRANSIf N1 CRLVV 

1 

• 

USI 0 DURING CHt W HOTAIION PI RICOS 


OUARlt RS 


• 

HOUSE VIP S 




• 

EML KGt NCY OLlARTE RS 


NOTE: Al t. MOniM t SSt LE SUf t K'li NT I XCtPJ i’RIMAHV t'OWl R AND MIGHT CONTROL 


0 SIZED FOR 100 

0 FlOOS AREAS SCALED FRi.V< 12 MAN UNITARY SPACE STATICS (BASED ON ROCKWELL 1970 STUDY - 
NAS 9-9957) 

0 AREAS BASED ON ENTIRE CPEW BEINC PRESENT 



0 TliNNELS/AISLES 1_63 ^1750 } 

TOTAL USO 15530 

VARCiN 71 760 


P'ijiurc l..t. I- 10 Crew Quarter; Si/iu): 
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Ctew Mocfale Subsystem Defwtiwi-The design apjwach used for each subsystem was generally 
the s^ane as defined by Rockwell in their solar powered integral Earth ort>it space station study 
(KAS9-^S3> for JSC in 1970* A summary^ of these ^bsystems is provided in Table I J* 1-5 and 
(kscribed below. 

S b f ttctttre -Crew moduk siiuctute prunaiily con^ts of aluminum alloy. The pressure cempartment 
B tks^ned for an operating pres^re lOlOCht/m*- (14.7 psia). The miter shell of each module con- 
s^U of a douMe bumper mtciottteleorc^ proteclkm syst^ that was deseed to p\c a 0.9 proba- 
bility of no peftetratkm in 10 years. Also included in the outer bumper system is the thermal radia- 
tor fmr internal heat rejeetkm. An aerothermal for the crew modules is not required since 

they will be launcited within the payload shnn^ of the launch vehick. 


Ekctricd Power -Tlic prtmaiy' ekctrical power system is discussed under the Base Subsystem Sec- 
tion 1 .3, 1 .1 .5. Each crew moduk however incorporates an emeigsency power system conststing 
of fuel celts. CNsfribiiriort, wiring and special power cm^ilHmiiig equipment is alsti included iit each 
moduk. 

Environmefitd Control-.AII modules have an indepemlent ECS. The system provides an Earth 
atmo^iheie emiitmntent. Oxygen makeup for leakaix^ and us^ is provided inaHigh electrolysis of 
water which is obtained by reduction of CO* using a Sabatier aactor while CO* ii«df is icrnovcd 
using molecular sieves. 

Nitrogen to ^pply leakage and a'pa*sssurizat! 0 ?i is stored as a cfyog^mic. Oxygen for repressuri/a- 
lion is stored as a cr>i>^'nic while the emergency oxygen svsiem uses high pressure storage. Ther- 
mal control of the inodutcs makes use of water and faon loops. 

Life Su|^iort-BiVtfi urine and wash w;»ter arc recovered. The urine is rcprtxessed using vapor com- 
pression while wasli water recovery utili7cs revert' osmosis. Dried and frozen UhxI was u«;cd Also 
included under life support are the waste management and pcrM^nal hygiene systems. 

Crew AcciHnmodattons- Included under this category are the pcrst>nal equipment, furnishings, 
recreation and physical fitness equipnicnl. Again these systems axe located only in the crew 
quarters. 
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Table I.3.I-S S obayrteia Su mmary 


CREW MODULES 

• STRiX:rURE 

• ELECTRICAL POWER 

• ENViRCMMENTAL CONTROL 


• LITE SUPPORT 

• CREW ACCOMMODATIONS 

• INFORMATION SVSTEM 


• ALUMINUM alloy 

• METEORMD PROTECTION 

• PjOl wyrs. 

• DCHI8LE BUI«>ER 

• PRESSURE OMlM»ARTMENT 

• 101000 n/m^ (14.7 ptiM 

• EMERGENCY FUEL CELLS 

• EACH INDEPENDENT 

• LEAKAGE 

• OXYGEN WATER ELECTROLYSiS 

• NITROGEN CRYOGENIC 

• REPRESSURIZATKM^ 

• OXYGEN HIGH PRESS 

• NITROGEN CRYOGENIC 

• WATER SABATIER REACTOR 

• COj REMOVAL MOLECULAR SIEVES 

• THERMAL WATER AND FREON LOOPS 

• URINE AND WASH WATER RECOVERY 

• DRIED AND FROZEN FOOD 

• WASTE MANAGEMENT 

• PERSONAL HYGIENE 

• PERSONAL EQUIPMENT 

• FURNISHINGS 

• RECREATION 

• PHYSICAL FITNES 

• COMMUNICATIONS S BAND 

• DATA PROCESSING 

• DISPLAYS AND CONTROLS 
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lafotmatioa Sy^en— The principal systems indtided are communications, data processing and dis- 
plays rmd controls. Each module will have its own internal communication system as well as con- 
tact with the main communication center located in the operations module. The principal link 
between the base and Earth or trans{xutation vehicles is S-band. Each mouule has data procesing 
capability suitable for its needs. However, again the principal data procesung center is located in 
the Operations moduk. E«rh module also has the appropriate set of displays and controls althougii 
the OperatkMtt moduk contains all displays and controls associated with overall base operation. 

ChiiihiMr? and Control-Displays and controb for these systems are located in the Operations mod- 
ule although the equipment itself is located throu^out the base and consequently are discussed 
under Biee Subsystems. 

ReKtioa Control— Again, this is a base level subsystem and is discussed under Sectimi 1 .3. 1 . 1 

Spechd Equqmieflt-This is equipment that is peculiar to the maintenance/test/checkout and train- 
ing/simulation moduks. 

Ekment Mass 

The mass of the crew modules are summarized in Table 1.3.1 .6. 

WBSl.3.1.1.3 Work Modules 
WBS Definition 

This element includes the crew modules used for operations, maintenance and training. 

Element Description 

Tire work modules have the same general configuration arKl subsystems described for the crew 
modules. A summary listing of the work modules is shown in Table 1 .3.1 -7. 

The operations module serves as the control center for all base operations and construction opera- 
tions. Typical base operations to be controlled from this module include that asstx'iated with the 
primary power supply and flight control system (attitude and station keeping), communication sys- 
tem within the base as well as that with Earth, other bases and transportation vehicles in transit. 


Overall new scheduling and consumables management functions are also included under base opera- 
tions. Construction operations controlled from the module include those functions associated with 
scheduling, briefinp, trouhlcsliooling or identifying workar.Hmds, monitoring of the actual con- 
stniction operations being conducted and the operations associated with cargo handling and distri- 
bution. Another function provided by the operatioirs module is that of housing the central data 
management and processing center. 
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T«Mr UJ-6 Cfew Modrte Mmi Sammiiy 
o Iteiln 10^ 


CRE^ 

CKIARTEf^ 

SV^TEM |£A) 


STRUCTURE SO 

ELECK^R 5 

ENViRCsa, amrj so 

LIFE SUW5RT 

CREW 11 

ACC(Wl^OATlO>^ 

INFORMATK^ 6 

GuiD & cmi 0 

REACTION CONI 0 

special equipment 0 

SUBTOTAL m 

GHOHJHf S3 

CCM^TINGENCY 

TOTAL DRV 215 

CONSUMABLES 45 

190 DAYS) 

TOTAL 7BO 


Table IJ. 1-7 Coinfection Ba se Work Modides 


MOOUIE 


QUANTITY 


FUNCTI£M4 iPROVtStCX4SI 


• OPE RATIONS CENIER 1 

• MAINTENANCE. TEST AND 1 

checkout 

• I KAINING SIMULA nON 1 

m UNDI riNFD 1 


• BASE OE'ERATlOf^ 

• CONS ! RlIC T ION WE RATIONS 

• CONSTiniCTION EQUIPMENT 

• SATELLITE COMPONENTS 

• NLV^ PERSONNEL 

• NEW C0NS1 RUCTION OPERATIONS 

• CLINIC 


NO!E AIL MODULTSSELI SUTMCItNT E XCtPT PHIMAHV POWE R AND F LIGHT CON i ROL 


I3S 
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The trtatntenance, test aiHl chet'kiHii iniHlule prewkin the capability to work on lar^ pieces ot' con- 
struction or base equipment or satellite cm«|H>nents while in an Tarth atmosphere envirsminent. 

A training and simulation mOtluhr has been included with its priinat>' purpswe being to train new 
personnel and to establish and/sir demiMisirate certain csmstruetHm tasks whiW in a coninMkd 
etoii mnH-nt. 

An un^vcilied nusdule has been included primarily to an'er the vsdume requiiements oi tunctions 
mst included in other nunhiles at this time. Txamples oi such ruuctums mclude chmc i> iv piswi- 
sions in lenns ot medical, dental and SK'kbay ptswiskms as well as tor the lempi'raiy contaimnent of 
ivrsonnel whvs have died whik- i*n duts , Isolation of the sickbay from the other base crew quarters 
seems to be |sarticularl\ important due to relatively cmifined volume that is available 

ElmreMt Mas 

Hie mass of the work nuHiuk's are summarr/esi in Table l..'.l-ii. 

WHS t 1 . 1 .4 Cargo HaiwINng/Pistrilmtioit 
WB$ Dk'tNMivy 

lliis element uwludes all *'• the I Hi bass' k'jjisties track \v siau. Ua«s|HMiei sehu U s. and eargi' 
handling esirupment 


Tiement liescfqplhin 

Tach level of the base has ,i fogsstus tuuk netwoik that provulcs the eapabiUly Km nu'stng materuls 
•nd crews from the uansjH'r!.»tion eenu-is to the M.uehousmg, sub.issi'i»b!v . eivw h.tbit.its. and 
aswmbly an'as sia tvanspi'rtei vehiv ies Tignie I .t.l 1 1 shows a t\pu.»l tiaek nelwoik This I'.utu 
ular one vs lor the lower level oi the miMlule eousUuetivMi iaeihty In .vddition to piovulnvg the 
pathways tor moving the mateiuils auii view . the track svsieni is als<« used bv all vM the eoiistivv iumi 
equipment These traeks also seise is tlie i5ide\iag paths lot the nuHluIe and anteiiiia siipjsnt 
iiuk'xing lowers 


ITiese are eaigv' handling equipment items rfut .iie used tv' vU'ek cargo vehuics. >'11 l>'a>l carg«'s au>! 
sv'it cai>'A's 

Table I ,v I ■'> lists the eaigv' hauvUiug auvl vhsuibutiv'n eviuipnieiit leviuuevi at tlie 1 1 O b.ise 
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Trtirl.j.l-S Wfirk Modair Mes SHnMnry 
& r.lasi in iO^iic 


CREW 

OUARTERS OPEHAIIONS MAINTENANCE TRAINING 


JYSIEM 

iEAl 

CfNlER 

UST & Ct) 

StMUt 

M!??L 

STRUCiUWE 

m 

m 

80 

80 


ClEC KTWER 

5 

7 

3 

7 


ENVIRON CONT ' 

m 

4? 

24 

n 


Lift SUWHT 

cmw 

n 

4 

3 

3 


accommopa noNS 

iNtOf^MATlON 

R 

30 

S 

0 


GUiO St L ON T 

0 

1 

0 

0 


Rf AC HON CONT 

0 

0 

0 

0 


S^'tCIAl TOUiPMINl 

0 

0 

b 

0 


Si HUH At 


!R4 

120 

1C^ 

110 

GROWTH 

b3 


40 

35 

36 

i'ON 1 NCV 

lOlAl OHV 



IR4 

143 

146 

Ct'NSl VARl 1 S 

4S 

0 

0 

0 

0 

|ti|i 

I01 Al 



104 

143 

146 
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.UVELD 

.UEVEI.C 


lEVCLE 



F«wel3.Ml LogiMk Netwofk Levd A 
LEO Constniction Base 
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niotovoltaic SaldKte 


EOUIPMENT ITEM 

NOREOrO 

MASS(EA) 1Q)Kc 

OOSTlEAl St«P 

• iM.LvautGOOoa(WGrafiT 

4 

4 


• HtLVCARi;OEXTRACTK)NSVS 

4 


• 

• HLLV TANKER OOCKMKS PORT 

3 

4 

10 

• HUV TANKER CARQO 




EXTRACTION SYS 

3 


0 

• OTV TANKER DOCKING PORT 

2 



• OTV TANKER LOADING SYS 

2 



• SINITTLE DOCKING PORT 

3 



• GROWTH SHUTTLE 00CKW6 PORT 

2 



• PEf^ONNELTBAI^ER 




AIRLOCK SYS 

S 



• GANTRY CRANE 

2 



• C^^SOSC^TiNG 




UAtmi^ron/iMHSKmnH 

2 


0 

• 2«iuyiicii£iirMS 

2 

12 

1 

• KIMANa^aUS 

2 

S 

4 

• TWNTMtES 

4S3 

0L2 

0J7 

• OXiTROi. CABS rOR 




LOGISTICS E<HJU» 

7 



• HLLV CARGO 

1 



• HLLV/OTV TANKER 

1 



• SHUtTLE/mUTGfUNrm 

1 



• GANTRY OlANES 

2 



• CARGOSWl^R 1 

2 



# TRAi^HNITEfa 

20 

, ,-i 
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WBSt.3.1.1.5 Base Sub$ystoi» 

WBS Dictionary 

This element includes the base electrical power and flight -'ontrol systems. 

Element Descr^tion 

As indicated previously, several subsystems do not relate speciflcally to anyone of the crew mod- 
ules. but instead are associated with operating the base as a total entity. Such subsystems include 
primary power and flight control. 

Electrical Power-Basic operating power requirements have been grouped into the categories asso- 
ciated with crew modules, construction equipment and external lifting as shown in Table 1.3.1*10. 
rirc average operating power level required is estimated at over 16(K) KW. This load does not 
include recharging of the secondary power supply or losses. 

Under the category of crew module, considerable use was made of the estimates identified for a 1 2 
man space station as defined by Rockwell. These estimates were then scaled up both to account for 
the difference in crew size and the number of modules involved. 

Construction equipment power estimates were made using both Boeing generated data and data 
from recent space station studies Typical examples j^r machine include the 15m beam machine at 
5 KW. solar array deployer at 5 KW. crane/ manipulator at 3 KW. All of these estimates include the 
power for a two man control cabin. 

External lighting e^timatcN arc based on providing 2 1 6 luinens/m*- as s|H'cif led by McDonnell Doug- 
las in the Space Station Systems study (NAS9-14^58). Typical construction areas in this study 
covered 2000 and required 10 KW to provide the specified illumination. A total of 32 areas of 
this size have been estimated for the SPS construction base. 

The total power requirement to be used in sizing the primary power supply is 3725 KW as shown in 
Table 1.3. 1 -I I. The secondary power recharging load is fora nickel hydrogen system that produces 
the operating loads during 31% of the orbit. Tire allowance for oversizing is that aj^sociated with 
50 /yinr cells and 75 ^m cover slips. No thermal annealing is assumed. 

The primary' power generation system is solar arrays similar to those used in the satellite, with a 
nickel hydrogen battery' system used for occultation periods. An array voltage of 1500 volts has 
been selected and appears to be the highest practical when considering f’asma losses. 
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Table 1.3.1*10 Base Operatiiig Power Requiieinents Photov(4taic Satellite 


OPERATING POWER 


KW 

CREW MODULES 


(1175) 

ENVIRWMENT CONT/LIFE SUPPORT 

750 


INTERNAL LIGHTING 

350 


INFORMATION SYSTEM 

70 


GUID. & CONT. 

5 


CWSTRUCTION EQUIPMENT 


050) 

SATELLITE EQUIPMENT 

50 


ANTENNA EQUIPMENT 

50 


SUBASSEMBLY 

50 


EXTERNAL LIGHTING 


<3201 

SATELLITE CONST. 

120 


ANTENNA CONST. 

120 


SUBASSYAWAREHOUSE 

80 



TOTAL 

1645 

Table 1.3.1-11 

Solar Array &mg 


• REQUIREMENTS (KW) 


<3645) 

• OPERATING LOAD 


1645 

• SECONDAFY POWER 


960 

SUPPLY RECHARGING 
• POWER CONDITIONING 


330 

• POWER DISTRIBUTION 


540 

• RADIATION DEGRADATION (5%) 


170 


• SIZING 

• CONTINUOUSLY SUN ORIENTED ARRAY: 26000 

(SATELLITE TYPE CELLS, 140 w/m^) 

• FIXED BODY MOUNTED ARRAY WITH 
EARTH ORIENTED CONST. BASE 

• ARRAYS ON 3 SIDES OF BASE 

• MAX SUN INCIDENCE ANGLE OF 54.5 DEG 

• TOTAL ARRAY SIZE; «130000m2 

20Sm X 205m FOR EACH OF (3) ARRAYS 
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n»e sfkcU’d instaltotioit *pi'it^ch for the array is a tUed hsHl> mounted concept, ''dh an array 
located on three sides of the construction base so that the necessary' power can be generated by any 
one array with the bass' at any Isvation in orbit, figure sliown previously, illustrates the 

Kvation of two of these arrays, tach array also has been si?ed to acs'ount for si.t^ . .cidencc angle 
t'enalttes so the combined net atYect is a total array that is appreixiinately five times as large as an 
array that was always Pf P, By past space system standaivls, this cxv'ess would be prohibitive. How- 
ever. in the era of |H>wer satellite with low mass and lost cost cells, the i>e.talty is quite small. 

Fl%hi Cuntrol--liKiuvkHl under the categors ot flight contr\d m' the guidance navigativMV attitude 
tv|^ sensors ^uch as IRU. star trackers and houfon sensv^rs and the |m>pulsion s\ stem to ivrtonu 
attitude and orbit mainienanct' maneuvers. 

A key factor m cstablishmg the flight attitude of the Iwso and the Uvatkm of attmute control and 
orbit keeping thnisters is the e g. UKation at vanous stages of the constmction. Kigute \ JA \ 2 
shows the e g uKatk^n lor Nevev,d kc> phases of the construclton 

Ihe selected constmction bas^' atti;*ule ha> tlie long avis of ihc 1 \inc pointed toward the center of 
the barth and the s^ucHito nuHiule cv'nstructed parallel with the vclocitv \cctoi and o\it m front v'f 
the bas%v The Uvatum vM the vubu keeping thrusters is shown m I igure 1 .v 1 -I while the attitude 
control thnisters arv sIuhnu m f igure I .VI -14 U should be noted, the orbit keeping .ind attitude 
Cvmtrol thnistei^ kvalcd on the antenna facilitv max be placed at the same Uvation In all cases the 
thrusters ate fixesl ino gimballmg) and use 1 I H ^ pio|v!lant The average propellaiu require 
meui IS approximately I 2iX> kg da\ . Should a constant acccleiation of uH g\ be used, the worst 
case configuration (picture \ and \ I of I igure I VI I 't wv^uUI require appvoxnnatcK 40 aHKI N of 
thrust. Should the thnist level be restneted to that wlneh pivvides 10^ g Nt when only the 

base IS pievnu. a burn tune of appioxmuteh 1 " minuics would be n'quircd for an altitude corrcc' 
tton of I Km 

H BS 13.1.2 Coivstniction I qiiipuH^nl 
HHS Dk'tionarv 

Vhis element nuiudes all cviinptncnt items dnveth associated with the fabrication and assembh of 
the satellite Ixchuied uom thu elemeni are machine items asMViated with cargo handling and 
disUibution 
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NOTES; 


• LATERAL LOCATION OF F. ft F. 
SELECTED TO MINIMIZE BASE 
STRUCTURAL DEFLECTIONS 

• VERTICAL POSITION AND/OR 
THRUST MAGNITUDE BASED 
ON PREDICTED CG LOCATIONS 


ADVANTAGES OF SELECTED DESIGN 

• 100% EFFICIENT AV THRUSTING 

• NO THRUST GIMBALING REQUIRED 

• GRAVITY - GRADIENT STABILITY: 

• UNCONDITIONALLY STABLE « 2/3 
OF T<ME 

• UNSTABLE EQUILIBRIUM * 1/3 
OF TIME 

• LOWEST DRAG FOR HEA\ Y CONF IGURATIONS 

• POSSIBLE COMMIW LOCATION FOR ATTITUDE 
CONTROL AND AV THRUSTERS 

• ATTITUDE CONTROL PROPELLANT CONTRIBUTES 
TO POSITIVE AV 

• ORBIT MECHANICS rORCES BETWEEN BODIES 
MINIMIZED 

• "VELcOITY VECTOR" APPROACH CAN BE USED FOR 
DOCKING OF SUPPLY VEHICLES 


Figure 1.3.1-13 Selected Orbit-Keeping Control Concept I' 



Aim 


Figure 1 .3. 1-14 Typical Reaction Control Thruster Arrangement 
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Banent Uewr^tkM 

The m^jor construction equipment items a^ociated with the photovoltaic, satellite are iUustrated in 
Figure U.l-lS, along with key characteristics such quantity, mass and dimensions. 

The beam machine shown is configured to allow two beam machines to form alt (he main module 
structure {actual assembly machines within I'ramowork not shown). .Accordingly it has botli trans- 
lation and rotational capability. The dimensions and mass indicated are for the 1 5m segmented 
beam approach although machines fabricating fhemially formed continuous chord structure could 
be attached to the same frame and used in a simitar manner. Two lOm beam machines are used to 
fabricate the antenna primary structure. A two-man coiUrol cab is attached to each t>cam machine. 

Crane/manipulator systems are primarily used to fonn the structural joints of the satellite frame. 
Althou^i the si/c shown is most common, two 250 meter units atx- also ivquired in the construction 
of the antenna yoke as well as several 20 meter cranes. Two-man control cabins with inanipu'rtors 
are located at the end of the crane which is itself attached to a moving plalfonn. 

Four of the solar array deployment machines will be located on the “.A" level of the module 
construction facility. This machine will deploy the solar array required for self-powca'd transit to 
GEO. The non-deployed anay will be installed on the stnictare in radiation-protective containers 
by this machine. 


Power bus deployment jnachines are used to roll out sheet metal bus strips and weld thc-c strips to 
supporting structures. These machines are used on the “.A” lev M of the module facility and on the 
“C" level of the antenna facility. 

The antenna deployable secondary structua's and the subarrays aa* installed In the deploy inent 
platform shown in Figure l.o.l-lo. The most significant onuiuc piece v^f equipmem on this depU’x 
mem plalfonn is the subarray installer shown in Figure 1.3. 1-1 3. This machine lowers subarrays 
onto the structure and makes the structural and electrical interlaces. 


The consmiction equipment types and quantities are summari/ed in Table 1 .3. 1 -1 2. .Addiiimi.tl 
details about each of the equipment items is loinid in the Part II Final Report. Vol \ 
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• raWER BOS IMTALUR 

• 1UNIT 

• 7000k« 



F^re 1.3. 1-15 Major Construction Equipment Phjtovoitaic Satellite 
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«MR«NG 

OONNCCTIOM . 
MANIfU'.ATOR r 


UMM H / 

foj-— Sl*8AHRAY 0€W.C 


INSTALLED 
LOCATION OF 
SECONDARY 
STRUCTURE 



•; SECONDARY STRUCIURE-^p 
^ jj, ^ 




ELEVATOR 




13011 

- SECOriOARY STRUCTURE 
T€te«:OPI> 4 G 
n^TALLATtON SYSTEM 



SU3ARRAY 

OEPLOYr.lENT 

GAHTBV 


SECCR^DARY 

STRUCTURE 

ASSEL^tY 

CANTRY 


^WIRING INSTALLATION 
L^AMirULAlOR 



F^jie 1 . 3 . M 6 Deployment Platfomi 
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aieSTATION-T 

SUBAftRAY 

CONDUCTORS 


PIGTAIL 

CONDUCTOR 

BUNOLC 


MANIPULATOR 


CONNECTOR 







Table 1J.M2 LEO 


Dia0-2407M 



Eiea««r 


i wawoo l 

IlSfl 


• CARIUAIS 

• vmcEASsr 

• SmiTASeVlMCMINE 

• J(MITNTTmMf£e>IKOI 

• MiCXlMCAMHACES 

• srmiTMACAZwo 

• joanTFmmccMHmuRi. 

• CONTROL CM OaMNi 


IS 

s 

I 


• CARRIAGE 1 

• ELEVATOR BOOM 1 

• TRAiKVEiSE BOOM 1 

• C0NTRtt.CAB|1MAN) 1 

• MAMPULATORANM 2 



^ ALL COST REFLECT AVG UNIT COST AFTER Am. YtNG LEARNIMG FACTOR OF OS. 


iMTT 


1.3.1-12 (Coat^ed) 


EQUIPMENT ITEM 


• 45MINOEXiNG/SUPPORTMACHWIE 
(MASS I.3K 
(COSTSSaMl 


• 200M mOEymC^UPEtNiT machme 

{MASSSKKi) 

(COST sia'j) 


• BUS DEPLOYMENT MACHINE 

• SOM BOOM 

• SOMBOtMl 

• 1 lOM ARTICULATING BOOM 

^ NOT RED'D ON YOKE 

AND ANTENNA MACHINES 


NUMBER REQ*D 




|CO$T$2SM) 


AVG f OR 
TH6 3SIZES 


SOLAR ARRAY DEFLOYMEM7 
MACHINE 

(MASS 12^ Kg) 

(COSTS4SM) 



EQUIPMENT ITEM MAJOR ELEMENT 


• CARRIAGE 

• BOOM 


• CARRIAGE 

• BOOM 


• CARRIAGE 

• BOOM 

• BUS DEPLOYMENT MACHME 

• • ABUS 

• BBUS 

• CBUS 

• COLLECTOR BUS 

• CONTR(K CAB (2 UAH) 


• CARRIAGE/GANTRY 

• BLANKET MAGAZINE 

• BLANKET PEEOMECH 

• BLANKET PACKAGE INST MACH 

• BLANKET DEPLOYER 

• CARRIAGE 

• BLANKET END HANDLER 

MECH 

• EDGE CLAMPER 

• CONTROL CAB (2 UMi) 
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TaHr 1.2.M2 (CoaiiRtiett) 




iCMmieki itcM 

NUMSf R <t£CO j 

tOAMfUCNT ITtM MAJOR ttOKNT 

MO HiOlO 

MOO 

AUT 

VOICE* 

AMASSV 

trcii 

• OCTLOYMCNT »VATH»M 

^ NiCLUOEO«MiaH 
MANIF/CIUm COUNT 

IMASSMKim 

1 

] 


■ i 

i ! 

1 

f 

ir^t TEtE^OPES 
♦ ^COMOARV STHu:tMA€ 
OtPCOVli^NT OAl^t^V 

• G^THY ICAr^fitAaC 

• 0£TEU?COP»?«aMACH 

• ^iMMAHma/^ranc^AHC 

p BUBAn^AY DE^^LJ^vVLtaTOWTHY 
G4l^TRVCA«mAGE 

• EUVAT^:^ 

• $CmARHAYDEPtOV€A 

• CA^atAOE 

• MAGAZINE 

• OEPtOVMiNT MCC^ 

• 20M.')^ANir3CmA\E 

• COHIHOL a MAH) 

t 

n 

! ^ 

1 

1 

1 

1 

i ^ 

WSMPI ROOnCMOCR 


Ij 

1 1 





m 

i 

! 

I 

:r 



RADIATOR nn. NtcOtR 

m 


i 

1 

j 

I 


CABLE fariHC 


! 




STftUT ASSY MACH 



I ’l_j 

. . . , . . . .. 


SMAHAAV HU04 
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WBS IJ.U Mamtodance 
WBS Dictioiiary 

This element includes all inlormalion systems, structures, and machinery items dcw^ted to mainte- 
nance of the LTO base. 

Elemeni l>esci^tioii 

No unique base maintcrance provisions have been identified at this time. Tlie base logistics net 
work and the available construction cranc/manipuiators appear to be sufficient to accomplish any 
necessary^ base maintenance tasks, 

WBS 1 .3-2 Geosy ncronous Earth Orbit Base and Operalioi^ 

WBS Dktmnary 

This efcnient includes the GEO-based operations, facility, construction equipment, and maintenance 
provisions, 

Summaiy Description 

The GEO ba^' is a 2 x 2 bay-wide piatfonn that is aitachcd to and indexed across the solar array 
side of the modules, as shown in I igurc 1 .3.2-1 , This piatfonn has tour solar array deployment 
machines that are used to deploy the undeployed solar arrays. There are also a variety of crane/ 
manipulators, iceistics and .SPS maintenance cviuipmcnt aboard. 

The first ofN^ration to occur once the iihhIuIos reach GEO is that of the K^rthing (or docking! of the 
mvxiulcs- The modules are berthed along a single edge as indicated in Figure 1 .3.2-2. The major 
equipment used to perfonn thes<.' berthing operations are shown. The concept employ s the use of 
four docking systems with each involving a crane and three control cables. Variations in the applied 
tension to the cables allows tlie modules to he pulled in. provide stopping control and provides atti- 
tude control system involving thnislers which are not shown. This berthing concept is describeil in 
detail in Vol. V of the Part II final Report. 

During the transter from LI O to f •! O. the antenna is aUached below the nuKlulc with a single 
hinge line. Oncv < *i O is reached, the antenna is rotated into |^>sition followed by tiic final struc- 
tural and electrical connections, as indicateu by figure 1.3. 2-3. 


Mass Summary^ 

The mass of the (H O base is simimari/ed in Table 1 .3.2-1. 
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Fjgufe 1 J.2-2 GEO Berthing Concept Photovtrfiaic Sileffite 
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F^ure 1. 3.2-2 Antenna Final Installation Photovoltaic Satellite 
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Cost Summary 

Tlte cost of the GEO base is summarized in Table 1.3. 2-2. 

Crew Summary 

Tlie GEO base construction crew size is summarized in Table 1.3.2-.V 
WBSI.3.2.1 FacUity 
WBS Dictionary 

This element includes the GEO base framework, crew modules, work moilules, cargo handling/dis- 
tribution systems and base subsystems. 

Element Descrqttion 

The overall configuration of the GEO final assembly base is shown in Figure 1 .3. .2-4. The base has 
overall dimensions of 1400m x loOOm x 1 00m with two decks of operation. The upper deck sup- 
ports the crew and maintenance modules and docking facilities for transportation systems and pay- 
loads. The lower surface of the facility -upports the four solar array deployment machines Dock- 
ing cranes used in berthing the modules arc also attached to the base when not in use or wlien the 
GFO base is transferred to another longitudinal location. 

WBS \ .3.2.1 .1 Framework 

WBS Dictionary 

This element includes all of the structural elements that comprise the framework of the GFO base. 

Element Description 

The structure framework of the base has been sized to provide a natural frequency of 50 ephr which 
is greater than that of a single satellite module. The primary structure consists of 15m beams fonii- 
mg a grid pattern for both the upper and lower surfaces of the base .\ total beam length of 
55.000m has been estimated. 

W BS 1 ,3 .2. 1 .2 Crew Modules 

WBS Dictionary 

This element includes the construction crew module structure, electrical power, environmental con- 
trol. life support, crew accommodations, and infonnation systems. Excluded from this element are 
the crew modules associated with the maintenance activities. 
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TaM? 2-1 GEO Final Ba,se ROM Mavs 


FACIUTY 

FOUNDATION 
CREW MODULE 

CARGO HANDLING DISTRIBUTION 
8^E SU^YSTEMS 


lO^Kg 

280 

335 

55 

10 


CONSTRUCTION & SUPTORT EQUIPMENT 


SOLAR ARRAY INST 50 

CRANE /MANIPULATOR 1 5 

INDEXERS 6 

DOCKING CRANES KM 


DRY TOTAL 


(6^}) 


0751 


1855) 


CONSUMABLES (90 PAYS) 



INCLUDES RADIATION SHELTER 


TOTAL 


Table E3.2-2 CiEO Final Assembly Base RO*1 Cost 


FACILITY 


FOUNDATION 

30 

CREW MODULES 

300 

CARGO HANDLING DISTRIBUTION 

50 

BASE SUBSYSTEMS 

o 

CONSTRLICTION EOUlPf.IFNT 


SOLAR ARRAY INSTALLATION 

165 

CRANE MANIPULATOR 

35 

INDEXERS 

15 

BERTHING CRANES 

210 


BAS!C hardware 


{ 35) 
(880) 


$10^ 

(382) 


(425) 


(807) 


SPARES 120 

INSTALL. ASSEMBLE. C O 128 

SE&l 55 

PROJECT MANAGEMENT 15 

SYSTEM TEST 17 

GSE 30 

TOTAL (1172) 
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Table 1.3.2'3 GEO Base Constructimi Manpower Estnnate 


SrS1466 


BASE MGMT (5) 

CONSTRUCTION (20) 

MGMT 4 

MODULE CONST 8 

ANTENNA CONST 
SUBASSEMBLY 

. MAINT 6 

LOGISTICS 

TEST/QC 2 

BASE OPS (16) 

MGMT 4 

TRANSPORTATION 4 

COMM 6 

DATA PROCESSING 2 

BASE SUPPORT (26) 

MGMT 4 

RASE UTILITIES 6 

HOTEL 8 

MEDICAL 4 

FLTCONT 4 

BASE TOTAL 67 
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tHANSKWTATKM^INTCNANCE/ 
CREW QUARTERS COk^tX 


s gs 61 © a 0 r 


VCHICLE/HA8ITAT LOCATION 


0 

0 


, 

a 


IP. 


jgi 

E3 

0 

0 

vO- 

-S- ^ 


V 

m 

m'w 

io! iOi 



r 

twintasle-^ 



• 1 tinal assy crew hasitat 

• I CAR<K)OTV DOCKING PORT 

• 1 TANKER OTV DOCKING PORT 

• 3 REFURBISHMENT FACILITIES 

• 4 REFURBCRRT HABITAT 

• 15 MAINTCOFiW OTV DOCKING FORTS 

• 4 MOBILE REPAIR CREW HABITAT FORTS 


MM GAGE 




Fijiure 1.3. 2-4 UFO Final .Assembly Base 
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Element Pescription 

The GEO a construction crew size of 65 and only a minimum of construction operations 

so, consequently, all functions can be incorporated into a single crew module. Transportable maim 
tenance crew modules are also based at the GEO facility. These modules are discussed in section 
1. 3.3.3. 

The crew modules of the GEO base are similar in design to the crew quarters modules used at the 
LEO construction base. The major modifications to the LEO modules are as follows; 1 ) Incorpora- 
tion of an operations deck in place of one of the three personnel decks since only 65 rather than 
100 people are housed in the module, and 2 ) add an eiglith deck which serves as a solar flare radia- 
tion shelter. Assuming a shielding requirement of 20 to 25 gm/cm^. the shelter will add an addi- 
tional 1 15,000 Kg to the basic module mass. Within the shelter will be provisions for up to five 
days and controls to operate the complete base on .»tandby status. Subsystems used within die 
modules are the same as for the LEO base modules described previously. 

WBSI.3.2.1.3 Work Modules 

WBS Di .'tionary 

There rre no work modules at the GEO base other than the refurbishment modules that are 
addressed in Section 1.3.3. 

WBS 1.3.2, 1.4 Cargo Handling/Distribution 

WBS Dictionary 

This element includes all of the facility track system, transportation vehicles, and cargo handling 
equipment. 

• iement Description 

The logistics track network was previously shown in Figure 1 .3.2-4. The logistics cquipnicnt is 
summarized in Table 1.3.24. 

WBS 1 .3.2.1 .5 Base Subsystems 

WBS Dictionary 

This clement includes the base electrical power and flight control systems. 

Element Description 

An operating electrical load of 260 Kw has been ostitmUed. l^sc of satellite type solar arrays results 
in an array size of 1 700 square meters. Flight control in tenns of attitude control, station keeping 
and transfer of the base to the longitude location of the next satellite will make use of a LO^ LH-^ 
propulsion system. 
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Table 1 .3.24 Car^u Handling and Oistributv^n Equipment 
GFO Final Assembly Base 


EQUIPMENT ITEM 

NO. REO'D 

MASS(EA) 103Kg 

COST (EA) $106 

• OTV CARGO DOCKING PORT 

14 

1 

4 

• OTV CARGO EXTRACTIC^ SYS 

14 



• OTV TANKER PORT 

1 

1 

4 

• OTV TANKER CARGO EXT SYS 

1 



• OTV PERSONNEL DOCKING PORT 

13 



• PERSO.MNEL AIRLOCK SYS 

U 



• CARGO SORTING MANIP/CRANE 

4 

3 

6 

• CARGO TRANSPORTER 

2 

C.5 

2 

• 10 MAN CREW BUS 

2 

5 

4 i 

• TURNTABLES 

34 


1 

• CONTROL CABS FOR LOGISTICS 




EQUIP 

4 

j 

j 
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WBS I -3.2.2 Construction Equipment 
WBS DictioMry 

This element includes all equipment items directly associated with the fabrication and assembly of 
tlM sateUite. Exclut^ from this clement are tiK equipment items associated with cargo handling 
and distributkm and refurbishment equipment. 

Etement Deacriptk'n 

The only piece of GEO base construction equipment that is different from that described for the 
LEO base are the four module docking craires with characteristics shown in Figure 1 .3.2-5. 

The construction equipn^nt located at the GEO base are summarized in Table 1 .3.2-5. 

WBS 1 J.2.3 Maintemiice Proii^ns 

WBS Dktioiiary 

This elenwnt includes all information systenis, structures, and machinery' items devoted to mairite- 
nance of the GEO base. 

Element Description 

No unique GEO base maintenance provisions have been identified at this time. The logistics net- 
work and available construction crane/manipulation seem to be sufficient to attend to any neces- 
sary GEO base maintenance tasks. 

WBS 1 .3.3 SateiUt Maintenance Systems and Operations 
WBS Metionary 

This element describes the satellite m.'»intenance mission concent. 

Mriskm Concept Description 

fhe reference satellite maintenance mission includes semi-annua* visits to each satellite by four 
repair crews that work continuously on the satellite until finished. The maintenance operations 
associated with the firs', visit to the satellites occurs from the beginning of one equinox fe.g. springl 
to the beginning of the next (e.g.. autumn). The second visit to the satellites begins at the start of 
the autumn equinox and lasts until the beginning of the next spring equinox. 

Typical flight operations associated with one GFO final assembly base and the operations associated 
with one repair group and one rv furbishm*- •' group assigned to rhe base are described. Other final 
as.« 'nibly bases would have comparabb’ oner, lions. 
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TiMc 1.3.2-S GEO Basr Contraction Equipment Photovolt^ SateKle 


VS MSI 


EQUIPMENT ITEM 

NUMBER REOT) 

EQUIPMENT ITEM MAJOR ELEMENTS 

NO. REOO 
ITEM 

• DOCKING CRANES 

IMASS ?6X Kg) 
tCOSI £S2M) ^ 

4 . 

• CARRIAGE 

• BOOM 

• V\f INCH SYSTEM 

• DOCKING PROBES 

• CONTROL CAB {2 MAN) 


• 25M INnEXII^»,^^^TOIIT 
MACHiiaiS 
(WATS Kgl 

ICOST fOM) 

6 

• CARRIAGE 

• BOC^ 


• eOtJI LtAN!PULATCRA;RANE5 

(K.1ASS K^ 

(COST S1EM) 

4 

• CARRIAGE 

• ELEVAIOR BOOM 

• TRANSVERSE BOOM 

• CONTROL CAS (1 MAN) 

• MANIPULATOR ARMS 


• SOLAR ARRAY OEPLOYLIENT 
MACHiNE 
(MAS ITK Kg) 

(COSTS45M) 

4 

• GANTRY/CARRIAGE 

• DEPLOYMENT CARRIAGE 

• BLANKET END HANDLER MEOT 

• lOQE ATTACHMENT MECH 

• CONTROL CAB C2 MAN) 


• SOI.AB ARRAY ANNEALING 
MACHiNE 

CTBO) 

CTBD) 



^ ALL COST REFLECT AVG UNIT COST AFTER APPLYING LEARNING FACTOR OF OS. 
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Once maintenatce operatitms are be^n, the GEO construction base serves as a m^or sta^ng depot 
for the maintenance crews and their hardware in ruldition to its role of constructing the satellites. 
The initial operations asociated with a tyfHcal ^ day period are shown in figure 1. 3.3-1. Four 
repair crews and four refurb crews are transited to the GEO final assembly base. Each crew is 
provided with its own orbit transfer vehicle. At approximately the same time another orbit transfer 
vehicle delivers klystrmi tube module emnponents to be used in the refurbidiment of failed tubes. 
This vehicle would also transfer other replac'ement components. 

Refurbishment crews remain at the GEO final assembly base, repairing failed klystron tube modules 
that have previously been delivered by other repair crews. Repair crews transfer to the s;itellite 
designated for repair taking with them their habitat. The second stage of the orbit transfer vehicle 
which brought the crew to GEO is used for the transfer to the satellite. The second stage of the 
orbit transfer vehicle used to deliver the klystron tube components to the GEO final assembly bast 
is then loaded with refurbished klystron tube modules and transferred to the first satellite to be 
repaired. 

At the completion of repairs on the first satellite, the ca*w and habitat transfer to the next satellite 
to Ire repaired. The other orbit transfer vehicle returns rhe failed klystron tube mswiules back to 
the GEO final assembly base where they will be refurbished. ITte OTV then returns back to the 
LEO construction base. Prior to this time, however, another orbit transfer vehicle has come from 
LEO construction base to the (iEO final assembly base delivering additional klystron tube comixv 
nents and is then dispatched wi;h completely refurbished klystron tube iiuhIuIcs to the second satel- 
lite that is to be repaired. 

This cy cle is repeated for each satellite to be repaired. 

The final operations associated with a typical ‘KKlay ireriod are illustrated in figure 1 . 3. -'-3. After 
the 20th satelliite has been repaired, the crew and habitat return to the (.IEO final ass^'inbly base 
where the habitat is left for the next repair crew . Tlie initial crew tlicn returns back to the I I t) 
construction base and eventually back to Earth, llic refurbishment crew has also completed Ihcir 
*)0 day stay time and also returns back to Earth. 


f our new crews and four new refurl'ishment crews arc then tr.msicrred to the til O final .isscinbly 
base. The complete cycle is repeated again. Hu' crew si/e at the til O final .isscinbly basi- will have 
a maximum operating size of 310 <240 asMviJtcd with refurbishment and '0 w ith satellite .issem- 
bly land at the time the four repair crews return at the end of their tour of duty the > rew size will 
be 550. 
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• FUQHT OPCIUTIONS NNt CM M0AIII ANDONI MflMS 
MAINT GfKN» EACH COHmSTWa or 4 OWK 



I^EATCVCLE 

RMEACH 

SATCIXITE 


KTM- KLVSTIMM TUBE MODULE 

^ M.LOTV^HAVEWp-4CO^Iit. MOEROPTIIAliiSfERflEOUtflEOATGEO 
p 1 Bit r^rARATKM BETWEEN SATELLITES 
p COr<raNENTSCOULO BE DELIVERED VIA SELF rOHERMOOIM^ 
p CAA' be OEUVEREO BEFORE OTV MX • RETURNS 

Figare 1.3.3- 1 Selected Mauitenance Mission Concept 



ANNUAL FLT SUMMARY <100 SATELLITES) 

•280 OTV FLTS TO GEO 
•400 OTV FLTS GEO TO GEO 
•3&0 HLLV FLTS TO LEO 
•to SHUTTLE GROWTH FLTS TO LEO 


Figure 1. 3.3-2 Selected Maintenance Mission Concept 
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The annual number of orbit transfer vehicles and launch vehicles flints which occur in the mainten- 
ance of 100 satellites are also indicated. (Xtring this time period, maintenance (H’^ratirms will com- 
pletely dominate the GEO transportation operations rather than assembly of satellites at GEO. 

view jUl iMWaf y 

The maintenaiwe cte\ size estimate is summarized in table 1. 3.3-1. 

TaMe I.3.3-1 Maintenance Crew Size Estimate 


Repair Crews 

Direct 1 60 

Indirect 80 

Refurbi^ment Crews O 
Direct 160 

Indirect 80 


480 


Maintenance crew assigned to a typical t'lEO base. This si/e can repair 
and refurb the equivalent of 40 SPS's per year. Other GEO bases would 
have same crew size. 

j^> These repair crews would be at operational SPS's except w hen at the GEO 
base at the time of crew rotation. 

These crew mcitiK*rs would be ^(aUoned at each (*tO baMT. 


WBS 1.3J.1 Saiellite-Ba$ed Maintaiance Equipnmil and Operations 


WBS Dictionary 

This clement includes all of the Ninictures. information systems, and eitiupmeni items built into the 
sateHite to facilitate maintenance work. 


Etemenl Descr^tton 

A number of major components of the satellite have been anahved for their nature of failures, 
mean time between failure, power loss per failure, and rmally the power loss |vr year The eompo- 
nent having the greatest impact in terms of power loss and m the time nrquired to fix the failures is 
the klystron tube modules as indicated in figure A total of “'o(K) tubes are estimated to fail 

per year nrsiilting in an annual power output loss of ^i00,00() Kw . Antenna maintenance was then'* 
fore fivused only on the klystron tube module and is described in Sc'ction 1 .v3. 1.1. 

The equipment used for annealing of solar arrays is ineluded in the saielhte-baseil maintenance 
equipment and operations. This system is dcserihed in Section 
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WBS 13J.1.1 Antnin llaiateMAM Eqaipmeiit imI Opentions 
WBS Dictioiiafy 

This eleaient includes the description of the antenna items requiring maintenance, the level of 
replacement, the replacement concept, logistics provisions, and the maintenance equipment. 

Levd of Replacement— The level of replacement sdected is that of the klystrrm tube module plus its 
thermal control system as shown in Figure 1.3.3^. Actual removal of the tube module involves 
access through h<^ in the rrKlIator to reach the distribution wave guide attachment bracket which 
secures the module to the distribu.i<»i wave guide. Once this attachment is released the module is 
free to be removed. 

Concept 

The selected klystron tube module replacement concept uses vertical access through the cubic 
secondary structure which is attached to the A-frame primary structure. 

The overall concept is illustrated in Figure 1. 3.3-5. The primary structure is an A-frame design 
forming ridges that allows free unobstructed movement of the maintenance pntry moving hori- 
zontally across the antenna. 

The antenna will have a total of 10 channels in which maintenance gantries can be mounted. 
Attached to each of the gantries ate the maintenance vehicles which reach up through the secondary 
structure to reach the failed klystron tubes as shown in Figure 1. 3.3-6. 

Additional detail of the cubic secondary structure and the maintenance vehicle is presented in 
Figure 1 .3.3-7 with a maintenance vehicle shown moving along in the direction : *' :he channel. The 
gantry itself is designed to transport all of the spare klystron tubes necessary for a given shift. The 
maintenance vehicle consists of a hinged boom and a two-man crew cabin with manipulators. A 
small klystron rack is also attached to the boom to eliminate the need for the manipulators to reach 
back down to the gantry for each tube that must be repaired. In the case of a 36 tube subarray as 
many as three tubes may require replacement. 

Using this concept a tube replacement time of 45 minutes is expected, which includes removal and 
replacement of two diagonals (in lower and upper surface of secondary structure), removal and 
replacement of one klystron tube module, and movement to the next tlaled kiv tube estimated 
at a distance of 2 .subarrays away or 20 meters. 
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The Salellite based maintenance systems wiU be installed during construction ol the L>U construc- 
tion base. The systems are shown as they relate to one side ot one antenna in I igure I.3.0-8 and 
I Since tour crews work on cacit satellite, these same systems present on both sides of 

both antennas. 

To enable the doekmg of tl.e various mamtenance system elements and to transfer cargo around the 
antenna, the antenna structure lias been designed to iiu ^rporate a cargo distribution system and has 
structural additions to allow maintenance gantries to bs positioned so they can be maintained and 
supplied with new klystron tube modules. 

The bO person crew is delivered to the satellite m the crew habitat using the second stage o\ the 
OTV that initially brought (he crew from the I I O eonslmelion hast' to tlie (d O final assembly 
base. Once at the satellite (antenna k a crew bus is ust*d to transfer persons between the habitat and 
the maintcnaiue repair vehicles. 

C argo, pnmarilv in the form o! kKslron tube modules is also delivered to the satellite using a dedi- 
cated OTV (stage 2) that had uutialh brought klystron components to the CifO final assembly base 
l\ r refurbislunent of “failed'* klystron lubes. The operations assivialed with an OTV include dock- 
ing and release of one khstron tube pallet on one side of the antenna and then free-flying to the 
other Side of the a ma leaving another pallet followed by il> mg U' the otiier antenna and leaving 
(wo pallets in a similar *nannei \t the completion of liie repair i>peraiion, the pallets arc kxided 
with '‘failed" klystrm tubes. The Ol V then moves u> tiic four docking locations collecting the pal- 
lets with failed tube nunhiles and then relinns them back io tb.c C'd final assembly base where 
they will be refurbished, rollowing the release of the pallets, the OI \ returns to tiu Li e) construc- 
tion base where it is made vead\ to deliver another Kuil (O khsiron components 


I he aetUvil disinbulion ol the caigi^ around the .uHenna in .k wnupioiK'd through use ot cargo trails- 
t'orteis operating on the t rack s\ stem on two skies of eacii antenna. I he cargo transiHU ler s\ stem 
consists o! three separate units altaehed ti>gelhei to town a ‘tiain' . I he nmivile unit is a coniiv>l 
unit that has a crew eabin, power s\ stems and eiane niampulalor that moves tlie ce.rgo between the 
tram and the maintenance gantries I nil> on cither side of iltc con t rid unit arc esscntuilK trailers 
that canv cither new khstron tube moduies or tlu>sc tlut have failed and have been ivmovcvl. The 
train svsrcm moves di>wn ttreach gantrv and lieioers to it the number of klystron tubes required in 
tiuit partKular antenna efiannei dunng one shift or one da> i>f c^peraiion depending on the ebiannel. 

I he mstalhition location tite maintenance equitunent im an antenna being repaired b\ two crews 
IS shown in I igute 1 .ve lO 

The numlH'! (d maintenance \ eludes t machines) mstalicd m each elianmd i>f the antenna is a func- 
tion of the estimated number of tube failmes. l itis value is larger in the middle channels of the 
antenna sm.ee the center ot ihe antenna has sul\irra\s containing no aiul }0 kiv stron tube modules 
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Figure 1. 3.3-9 Satellite r.laintenance Systems 


173 


D18&-2407M 



Figure 1.3.3-10 Antenna Maintenance System Installation 


^OOR WAUtr 
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while near the edge of the antenna, the subarrays have 4 or 6 tubes per subarray. Consequently it 
will be noted that the middle channel has three maintenance systems consisting of a gantry and 
repair vehiue. 

With this equipment distribution and working 20 hours per day. the middle channels require sligluly 
more time than previously identified for repair -3 1/2 days per satellite. The addition of 1/2 day to 
the schedule, however, will not appreciably alter the prior analysis. 

It should also be noted, the outside channels require far less time to repair and less equipment due 
to fewer failed tubes. Consequently when the crews assigned to this particular equipment are fin- 
idled, they can then be used to repair other components on tne satellite such as the dc-dc converters 
mentioned earlier in the discussion. 

Mass and Cost 

Mass and cost characteristics for the permanently mstaPed antenna maintenance equipment is 
shown in Table 1. 3.3-2. 

WRS 1.3.3. 1.2 Solar .\rray .Annealing Equipment and Operations 
WBS Dictionary 

This clement includes all hardw arc required to provide the capability of annealing radiation deg ada- 
tion from the solar cells. Subelements include the annealing device, support structure, and auxil- 
liary equipment. 

Element Description 

Laser annealing was chosen as the reference approach to recover radiation induced perfo nuance 
degradation of the energy conversion system. Simulation Physics. Inc., under Boeing subcontract, 
has successfully demonstrated laser annealing in the !aboraior\ . Table 1 .3. .^-3 lists the basic anneal- 
ing parameters used in the laboratory tests. 

The design assumptions for the laser device that was used in our analysis is given in Table 1.3. 3-4. 
With these assumptions, several options were investigated for the number ot annealing deviees. 
method of annealing, and effect on system operation. 

Tiie option chosen for this study was to use one annealing device gantry per satellite nuxiule ilhgure 
1 .3,3-1 I ). A typical annealing devu\ gantrv is also shown using forty-four laser annealers. Ihc 
gantry would index to its first position, at the edge of the satellite, anneal that section \ 1 5 meter 
width X bbO m length) and then move on to the next section. In this manner, it wvHild traverse tiu' 
vvidtii of the satellite annealing one bay wide sections of the module. When one row of bays iS) jus 
been annealed, the gantry will index to the next row' of bays and perform the annealing operation, 
riiese san e operations are repeated until the complete module has Ih'cu annealed. 
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TaUe 1.3 ,3-2 Antenna Built-In MaintenaiKe Equipment 


EQUIPMENT ITEM 

NO. REQUIRED 

i> 

PER UNIT 

vlASS (Kq) cost ($10®) 

Maintenance Gantry 
& Manipulation 

22 


5000 

20 

Crew Module Docking Port 

2 




Crew Bus 

2 


12000 

7 

Crane/ManqHi> utor 

2 


3000 

8 

Component Transporter 

4 


1000 

1 

Turntable 

4 






Items required on each antenna. Multiply by 2 for total per satellite. 


Table 1. 3.3-3 Laser Animating (Spire Data) 

Laser Tyr * CO 2 

Pulse Power - 50 watts 

Beam Diameter - 0.5 cm 

Pulse Length - 2 see 

Tmax Cell ^50®C 

Power Density 63,7 w/cm^ (pulsed) 


Table 1 .3.3-4 Design Assumptions for Laser Annealer 

w-scc 

Annealing Energy Density — 127 9 

cm* 

Power Density — 63.7 w/cm^ 

Pulse Length — 2 sec 

Beam Area - 500 cm^ 

Ti nax (Active Region) — 550®C 

Laser Efficiency — 0.15 

Laser Energy Consumption — 0.2355 0 

cm* 
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The fantiy system travels on tracks provided on the salcHilc pninar> str*cUiral lucnibers, in the 
upper suflawv beams, ninittng across the satellite Mklth. 

Within the gantrv , then* are 44 laser systems, Fach laser system is gimhatled to allow the laser to 
scan a 15 meter square sectiiHt. lltc 1 5 meter se*:tion was chosen to be consistent with the array 
blanket sequent wullhs With all ol the laser systems mi a single gantiy^ operating, it will lake 
approximately 2.5 hours to anneal a 1 5 meter section one bay wide. This results m a time of 1 10 
houfs to anneal one b y of solar array. 

Table 1. 3.5-5 lists the power rcqiurenic "i ^ J time alkvation of annealing the releremv phoU>- 
vidtaic SRv. 

WBS IJ.3.2 Mobile Mamleii^we System 
WBS Oictiofiary 

Hits e^ment includes the maintenance crew nuHlules and compiment pallet tmxltiies ihat anr irans- 
ported to i^vrational SPS's friMu the lil O ha>c llie deel of 01A \ used to tran'^HUl ihesi' mml- 
ules ate included in Section * 4. 

Fleineiii l^eseiqilHin 

The maintenance ca*w m«»dulc and its chaniclenstics an* diown tn Figure I 3.3- 12 I oiii ol these 
nucules an* lrans|H>fted to each SPS when the M‘nn annual niamtenance i> to K* ivrton led. 

Ihe compi»ncnl pallet nuHlule and its eharact4Ti>lK v are slu>w n ui I igmv I 3.3- 1 3 l our of thesi* 
nuHlulesare transported as a set b\ one il l\“ lo each SPS when the m. :alenance is to K* fX'rlonned. 

HBS 1 . 3. 3. 3 liFO Base MaintenaiKx' Support Systems 

H BS Ok tioiMiy 

Flits elenieni includes »hc halnlats lor the refurbishnient crew staiicnied ji Ihe <4 O tuuil as>«.*nihly 
ha'^*' and the lacilitv a»,d equipment required perUnm the jeluibishnient i^t'e rations 

Flemeni l>escriptton 

Ihe habitat tot (he teiuib ciew is generalK the same as that used b\ the repair crew <»n maintenuace 
sorties lo Ihe satelliles I he nuHittle is a five deek s\stem nulmline raduPon shelter 

t he rcturb Licihtx jihI jIn proMMOiiN ?u\e no! been delineil «i thiN tnrv^ 
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TiMe \ J ^-5 Reference Anneiilmg Requnementi 

^ 212 Kw 

Pow » f R#qyir«d,^G4mtry * 9 ^ Mw 

^ G^try - 9 <cm«/ial«l1it9 mocM#) 

Total P<Hn^ RaqMtrami^t 75 Mw 
Tm»# to Aim«^ Sol« ^r«v * 147 days 

conoirr^nl opwatm of all «ig|it 


• CRfW H^niTAT 



n c VHYS HT IS UEgVS 
PtRSUiKS 


iwv SMf tUR ^TOHAC;: 



DRUlINAl >AGb^;^ 

OK gl /vlJTV' 


• C^£ HABITAT P£R COPCOPU 

• MK>OiFiroCR£1»OUARTCRSM0DUU 

• 240.000M 

• $240 MILLION INVESTMENT 

« CAPITAL CHARGE 



• GANTRY mPAiR VEHICLE lEA) 

• b OOO Lf 

• $70 million tru 

• %b% CAPITAL CHARGE 

♦ TRAI^PORTAITON 03ST 

EARTH TO GEO SELT PORTER - $46.V« 


l*^uir I 1..^- 1 2 MaiiitriVHH'e frmrUiHis 
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WBS 1 .4.0 Space Transportation 

This section of the dtx'ument addresses the descripticm of the space transportation system. Both 
launch and orbit transfer vehicles for car^o and per^ne! are included. In addition, launch facility 
requirements, propellant production and delivcrv^ systems, and operations 'support are discussed in 
the following sub-sections. 

Transportation Suiimary 

The space transportation system includes a heavy lift launch vehicle (HLLVk a modified shuttle 
personnel launch vehicle <PLV>, a pcrstmnel and supplies higii-thrast orbit transfer vehicle tOTVi. 
and low-thnist oibit transfer system tOTSl installed on the SPS modules constructed at LI O. lire 
low-thrust OTS modules are reusable and aa* returned to LtO by a vehicle similar to the pt fsonnd 
OTV. A vehicle rlight utilization and cost summary is presented in Table 1.4.0-f. 

WBS 1.4.1 Cargo Launch Vehicle 

The launch configuration of the SPS cargo vehicle is ?hown in f igure I.4 I-! with the overall 
geometry' noted. This serk‘s hum concept u^cs 16 LCH^ LO > engines on the booster and 14 sluad' 
ard SSME's on the orbiter. The LCH.^ LO^ bi^osier engines cm|4oy a ga> generator cycle and pro- 
vide a \acuum thrxist of 9 7^ x newtons each. The SSME's or. the orbiier provide a vaciuim 
thrust of 2.0^ X 10^ newtons ( 100 < [X^wer lewU. The ..'oininal ICK> power level for the SSME'n 
was scleciej based on engine life considerations which indicated about a 3 factor reduction in life if 
the power level is used. 

.AH airbreather propulsion system huN been provided on ihc ho*:>sier lor flyback capability to 
simplify the booster ope rational mode. T7ie rek rcnce wing area tor both stage > is: 

tOrbiten - 1446m* c 1 5.560 ft" i 
lOrbitcri - 23 50m “ * . .080 ft“> 

Heat sink thermal protection system is pr>niJed on the bt»ster and ihe Sh;iUle s Reusanie Surface 
I.isulation <RSh is used on the orbiter. 

H BS 1 .4. 1 . 1 Launch Vehkle Cha^acterhfics 

WBS 1 .4. 1 . 1 . 1 Vehicle l>eMgn Characteristics 

Die vehicle design cl ar.tcterisfics arc notoil in T ible I 4. M , The net delivered payload !s-i24.(M>0 kg. 
A return payload of 15 (63.500 kgiofihe delivered payload vv.in as>umed lor the orbitcr entr/ 

and landing conditions i b.c rcsnltihg mass traction is U 8'"'^ for tiic !Mx>ster and 0.S4I to. tlu 
vuiviicr. 
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TaNe 1.4. 0-1 Vei.icie Fti^t Utiluation Summary 


VEHICU 

PAV.OAO 
Ml I^TRED 
AND DESTINATION 

1 

MASS 

METPAC 

TONS 

NO OF 
FLIGHTS 

COST, MILLtCmS 

HtiLV 

SP$ HARDWARE TO LfeO 

99568 

26* 

3486 

HLLV 

SPS S!>.^RES 

1S91 

4 

53 

KLLV 

ORBIT TBANSf^ER SYSTEM 
PARES 

3437 

7 

»3 

HLLV 

OTS PROPEi LAKI (ASCENT 
AND RETURN) 

S%k02 


1803 

HLLV 

vEO AND nEO BA^ 

TC tcO !1VTRY 

90 DAYS 

375 

4 

53 

HLLV* 

PROPfci. ..ANT FOR Q<Q 
PE R SONNE Lr^UfCLI hZ 
DELIVERY 

1960 

6 

BO 

TCTAL HLLV 

FLIGHTS AfiO COST j 


417 

CllCfi 

! 

PLV* 1 

r-2)NS TO LEO 

1 

32 


l»UTV*^ , 

CREWS TO GEO AND 
RETURN 

i 

1 

t 

12 1 

01S 

S?AHES ANO 

R£FUR8I$;HMENT I 

[ 

1 ! 

1 

8 

407 

1 

1 

1 TOTAL VRANSPORTATIONj 

1 

j 

1 

[ 

1 

i 

6387 


*CAN BE CHARGED AS A CONSTRUCTION COST 
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WBS 1 .4. 1 . 1 . 2 Ascent Perfonnance Characteristics 

The SPS launch vehicle ascent perfomiance characteristics are noted in Table 1,4. 1-2. A maxi* 
mum acceleration thrust profile was used due to the manned capability and also to minimize the 
load conditions on the orbiter. The booster staging velocity of 2 1 ?0 m sec is well within the "heat 
sink" capability of the aluminum titanium airframe. 

WBS 1.4.1. 1.3 Reentry Char^'teristics 

The reentrys characteristics tor the booster and orbiter are noted in Table 1.4. 1-3. The maximum 
deceleration for the bix>sler is 4.2^ g's and the subsonic trau^iiion altitude is I 7.8t^ km. Hie orbiter 
reentrys has been limited to a nonnal load factor of 1.41 g's until the subsonic transition which 
occurs at an altitude of 13.62 km. 


WBS 1 .4. 1 .2 Booster Stage 
WBS 1. 4. 1.2.! System Description 

Tb*' bi^ostcr stage of the 2-stage w inged vehicle consists of the following subsystems, 
itiuctures 

lndu<:(! 1 miroumenlal Protection 
Landing »ui Aaxilian Systems 
Ascent Propulsirn 
I lyhack Propulsion 
RCS Propulsion 
Prime Power 

Lh'clnca! ( onversion Distribution 
Hydiaulic (\*nvcrsion .nui !)istribulion 
Surf ceControis 
.\vion:c> 

I nvironinental ( \mtrol 


Lach of these sui»s\ stems is discussed tn the following seeoons ineliuiing delinitio!! of the rationale 
for the mass .nul vi>s* estimates 

WBS 1.4. 1.2 I A Structures riie bo4'‘sier stage slrueturcs subsystem ^.umsisis <tf the u mg. \erlieal 
tail, jiid JH>d\ groujv ibe bvUh grcuip eousisis of the iu>se sectum. oxult/cr 1 1 1 tank, in (erl an k. 

fiK’l iL( tan.k base skirt, t li nr » strueUire. ift KhIv fiap, and fairmg stnictmes \ pro u.ini nary 
s.zing .malysis was etMulueted to detenu.me the nulnulual sfruelurai element m.isses .*\eltisi\e o! 
heat skill rcijinrements I he adiliuonal r.iatvnais ret|inr:vi to satisfy ^eat sink :ci|ui:ei:tents are 
inyorprraled into W\c induced eu’ ironmcnlal protevtior. subssstem. 
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Table 1 .4. 1*2 Asicent Performance Characteristics 


FIRST STAGE 


T/W AT IGNITION 

■a 

1.3P 

. 

MAXIMUM DYNAMIC PRESSURE 

» 

:sjnkPi 

{TSOptfl 

MAXIMUM ACCELERATION 

m 

3.0i 


STAGE BURN TIME 

m 

155.24 Mc 


RELATIVE STAGING VELOCITY 

m 

2170 m/MC 

(7,120 fpi) 

DYNAMIC PRESSURE AT STAGING 

m. 

1.16 kPa 

(24p«f) 

SECOND STAGE 

IfilTIAL T/W 

m 

0.94 


MAXIMUM ACCELEnATION 

m 

3.0 f 


STAGE BURN TIME 

m 

350.24 see 
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Tabte L4.1-3 SPS Winged Vehicle Reentry Characteristics 

BOOSTBn ORBITER 


apogee CONPtTiOfJS 
h - 80.82 km 
« 1955 m/*6c 

MAXIMUM DECELERATtON CWUmON 
q * 10.77 kP» 
h • 32-61 km 
- 1327 m/s«c 

WRMAt LOAD FACTOR - 4JZ7 

MAXIMUM DYNAMIC PRESSURE CONDITfOW 
q» 13.29 kPa 
22.96 km 
* 6S6 m/sec 

NORMAL LOAD FACTOR • 1.49 9't 

SUBSONIC TRANSITION CONDITION 
h « 17.86 kn. 
a ■ 15uj9 


MAXIMUM DYNAMIC PRESSURE CONDITION 
q- 13.17 kp« 
h « 15.55 km 
- 361 mime 

NORMAL LOAD FACTOR • 1.41 

SUBSONIC TRANSITION CONDITION 
r - 13.62 km 
a *6A d«9 
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Wing The wing box is constnicted of 7075-1 73 aluminum and the leading edge, trailing edge, and 
elevons are constnicted of 0AL-4V titanium. A 4g entry condition and a 2,5g subsonic maneuver 
condition were considered in sizing liie wing structure. A c mstant t c - 10^7 was used. Tlie wing 
mass is I JdjOO kg. 

Vertical Tail The vertical tail was sized for a boost max condition of 177 kpa. Tlte box struc- 
ture IS 7075-T73 aluminum and the remaining tail structure is 6AL-4V titanium. Hie mass of the 
vertical tail is 14,000 kg. 

Nose Section The nose section consists of a fixed shell structure plus a deployable nose cap. llte 
shell structure experiences maximum comprest ivc loadings of 35,200 N/cm forward and 24,000 
N cm aft during the boost 3g condition. The smeared thickness of the 7075 aluminum skin-stringer 
panels is 0.82 cm forward and 0.68 cm aft. The smeared thickness * . the 7075 aluminum nose cap 
is 0.38 cm. I hc nose secrion mass is 26,800 kg. 

Oxidizer (LO2I Tank I'lie oxidizer lank is an all welded 22 19-T87 aluminum pressure vessel with 
integral sidewall stiffening in the cylindrical section. The smeared thickness of the sidewall panels 
varied from 0.79 cm forward to 0.93 cm aft. The dome membrane thickness varies between 0.28 
cm and 0.40 cm tor the upper dome and between 0,47 cm and 0.81 cm for the lower dome. Tlie 
tank mass including slosh baffles is 36,100 kg. 

Intertank The intertank is approximately 18.5 met 'rs long and is constnicted of 7075 aluminum. 
The intertank experiences a maximum compressive loading of 30. 1 60 N cm at the boost 3g onset 
condition. The smeared tliiekness of the skin-stringer panels is 0. cm. Hie mass of the intertank, 
which ineon^orates tlie airbreaiher engine support structures, is 38.000 kg. 

FuehLCHqlTank I he fuel tank is an all welded 22l9- f S“* aluminum pressure vessel with integral 
sidewaM stiffen mg in the cylindrical sec turn. Ihe smeared thickness of the sidewall panels is 0.89 
cm. The dome meiiihrane thickness vanes between 0.28 cm and 0.40 cm for the upper dome and 
between 0.28 ami 0.46 eni for the lower dome, fhe tank mass including slosii baftles is 32.600 kg. 

Base Skirt The base skin is .1 pp ro\ i m a tel y 19.7 meters h>ng a 1 is constnicted of '*0''5 aluminum. 
The upper 14.4 meters experiences maximum compressive loadings of 40.000 N cm forw ird ami 
44.500 N cm aft at the boost 3g onset condituni. The smeared tluckness of tlie skin-stringer panels 
is 0.88 cm forward ami 0.9 j cm att. Ihe lower ^.3 meters experiences a maximum combined com- 
pressive loavling of 31.100 N cm and sliear lltn\ 01 18.900 \ xm tiiiring the tank'.ni pre-ignition con- 
dition. I hc smeared thiekness of Ihe skin-stringer panels is 1.50 cm in the shcar-out region and 
0.64 cm ouNlde the shear-out regi<m The base skirl mass is 4^.200 kg. 
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Thrust Structure The thrust structure consists of* ibur major beam assemblies plus interbeam stabi- 
lizing members. Sixteen thrust posts are incorpv^rated into the beam assemblies. 7075 aluminum is 
used throughoui. The structural elements are sized for the ignition condition using a dynamic 
magnification factor of 1.25. Shear flows in the individual plates var\’ from 1 5.300 N/cm to 6 1 ,300 
N/cm and the web p^ate thicknesses vary from 0.46 cm to 1 .85 cm. Ilie average cross area of a 
thrust post is 186 square centimeters. Tl\e thrust structure mass is 23.WO kg. 

Aft Body Flap The constant chord body flap provides the booster stage with pitch trim control 
and thermally shields the main engines during entry. The flap is constmcted of 6.AL-4V titanium 
and has a mass of 2100 kg. 

Fairing Structures l airing structures consist of the wing-to-body fairings located both forward and 
aft of the box carry-thru section, the tail-to-body fairing, and the engine shroud base region fairings. 
The fairings are constructed of 6AL-4V titanium and have an estimated mass of 8500 kg. 

WBS 1. 4. 1. 2. 1.2 Induced Environmental Protection The induced environmental protection sub- 
system consists of the heal sink additions required to maintain the airframe outer skin w ithin 
acceptable temperature limits, plus the base heat shield. Reusable Surface Insulation is the ihcnnal 
protection system on the base heat shield. The heat sink additions weigh 38.300 kg and the base 
heal shield 8 1 00 kg for a total system mass of 46.400 kg. 

WBS 1.4, 1.2. 1.3 Landing and .Auxiliary Systems In addition to landing gear, this subsystem 
includes a landing drag device and auxiliary systems for upper stage separation and nose cap deplo\ - 
ment latching. The landing gear weight is estimated at 3.2 ' of design landing weight. Total sub- 
system mass is 34.500 kg. 


WBS 1.4. 1.2. 1.4 .Ascent Propulsion The ascent propulsion subsystem consists of the main 
engines, accessories, gimbal provisiinis. and the fuel ,md oxidi/er systems. Main propulsion is piv>- 
vided by sixteen i 1 6 ) high pressure LO^ LC M 4 gas generator eyele engines and the asstviated tank 
pressurization and propellant delivery system. The folUnv ing engine characteristies were used in the 
analysis: 


Propellant 

amber Pressure 
Area Ratio 
Mixture Ratio 
rhrust tS.I . \ ac.) 

Speeifie Impulse iS.l . Vae.) 


IO2 LC H4 
34.500 kpa 
60:1 
3:1 

S.'^oxUV'N ^).(iS\10<'N 
3 18.5 see 352 see 
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The mass ol' the sixteen engines and ass(viated accessories plus gimbal provisions (for eleven 
engines) is 162.400 kg. 

Pressurization gases are heated for the LO^ tank and heated for the UTi 4 tank. The 

total mass of the tank pressuri/ation and propellant delivery systems is 42.200 kg. 

WBS 1-4.1. 2. 1.5 Flyback Propulsion Ih e flyback prc'pulsion subsystem consists of the airbreath- 
ing engines, accessories, fuel system, tankage, and engine installation nacelles, ducts, amt doors. 
Flyback thrust is provided by twelve (12) iurln>ict engines, each having a S.L. static thrust of 
356.000 N. The flyback fuel is KP 1 . The dry mass of the subs\ stem is 5^,400 kg. 

WBS 1 .4. 1 . 2- 1 .6 Other Subsystems The remaining subsystem masses have been estimated using 
historical or Shuttle predicted weiglits. I hose subsystems include RCS propulsion, prime power, 
electrical conversion and distribution, hydraulic conversion and distribution, aerosurface controls, 
avionics, and environmental control. 

RCS Propulsion The reaction control system is required for stage orientation prior to entry and for 
control during entry. The subsystem dry mass is 5100 kg. 

Prime Power Major power sources consist of batteries and airbreather engine driver, generators for 
electrical power, and a hydra/ine powered API' U>r hydraulic power. The subsystem mass is 
4300 kg. 


Fleetrical Ctmversion and Di.stribution The power coincrMon. coiuiitioning. aiui calling elements 
arc mcludcvl In this caicgor> . I he Nubsystem ma.ss is 4200 kg. 

Hydraulic Conversion and Distribution Ali stage functions requiring hydraulic pinver arc serviced 
b\ tl'.e ludraiilic coiucision and distribulion siibs\Nii.Mn I'iic ii\diaulic [H>wcr for rocket engine 
ifirusi sector control and vaKc actii.iiuni is included in tins calcgorx. riic sub>\steni mass is 
lOOUO kg. 

Surface Controls The actuation system for the aciaHlynanuc control sur faces a*v mckidcd in this 
calcgots I he sui^ss slem ma<s is 10.300 kg. 

•Avio lies rile a\ ionics subsS stem includes cicmcnis for giiidaiKc. n.isigadon .uul conlu-I, tracking, 
instrumentation, and dat.' processing aiul softw.ire. The subsvstcm mass is 1500 kg. 

F’ nvironmental C'onlrol flic en\ iionmenta! 'omtrol suhsvsiem nniintains a eoiulilioned tiicrmal 
cminnuncnt toi the asumics I he subssstem mass is 200 kg 
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WBS L4* 1.2.2 Booster Mass Characteristics 

The flyback booster mass characteristics arc shown in Table 1.4. 1'4. Ihe structure, induced 
environment protection, ascent and auxiliary propulsion, and landing subs\ sumis account tor 
of the dry mass. Tlie induced environment protection subsystem mass includes the additional 
structural thickness required for the “heat sink capability" and the base heat shield. 

WBS 1.4. 1.3 Orbiter Stage 

WBS \ A, 1 .3. 1 System Description 

I'he Orbiter of the 2-stagc winged vehicle consists of the following subsystems: 

Structures 

Induced I'nvironmental Protection 
Landing and Auxiliary Systems 
.\scent Propulsion 
OMS Propulsion 
R('S Propulsion 
Prime Power 

Llectrical ('omersion and 1/istribuiion 
H\ draulic C\>n\crsion and Oistrihunon 
Surface Controls 
Vvionics 

f n\ ironmcntal Control 
Personnel Provisions 
Personnel 

Payload Accommodations 


I’ach of these subsysteniN will i>e discus>ed in the u4Knving sections ineiuding definition of tlie 
rationale for the mass and eost estimates. 

WBS 1.4. 1.3. M Structures flic Orintcr Mmcuuvs >ubs\steni eiMisists ot' llic wing, \ertieal tail, 
viiui body eiAHip The l'*oil\ group eonsists ol the lu’^se seetunt. crew nu>tlulc. tuci ti tank, inter- 
tank. P I bay doors, oxidi/er (lO^t tank, aft skirt, thrust strueture, aft body tlap. and faint. g 
struetures. A prehmin.*;\ sizing analxsis was eiMidueted to delennine llie iiuiixidual strueiur.ii 
element masses. 

Wimi Ihe w .ne is eonsivuete^.! tvom oAl-4\ titiimum. A ^-.'^gzat/y eonditw^n anil ,i -.5g sul’'''.'me 
maiieu%er eondition were evmsidered in sizing ' w ing strueture. A eoustant t c -- 10 w as useil. 

I he w ing nnos is > I .SOU kg. 
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Table 1.4. 1-4 Booster Mass Statement 

ifs-taM 



6% 


DRY MASS BREAKDOWN 


MASS (kg) 


STRUCTURE 360 800 

INDUCED ENVIRONMENTAL PROTECTION 46 400 

LANDING ANO AUXILIARY SYSTcMS 34 600 

ASCENT PRCOULSION 204 600 

AUXILIARY PROPULSION 60 ECW 

PRIME POWER 4 300 

ELECTRICAL CONVERSION AND DISTRIBUTION 4 200 

HYDRAULIC CONVERSION ANO DISTRK;UTlON 10 900 

SURFACE CONTROLS 10 300 

AVIONICS 1C00 

E.mVIRONM'NTAL control 200 

GROWTH _68_609 

DRY MASS - 786 900 

RESIDUALS AND R ESE RVES _<9 800 

landing f 'ASS • 846 700 

LOSSES DURING rLVDACK 86 20' 

START I LYCACK MASS = 832 •'CO 

ENTRY IN FLIGHT LOSSES 2 700 

STAR' LNTRY f.’y.SS ■= eC3 600 

IN-FLIGHT LOSSES PRK'R TO ENTRY 27 COO 

STAGING MASi: ‘ 903 GOO 

THRUST DECAY PROPELLANT _!'? 800 

INERT MASS “ 978 100 
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Verticil Tai-Tbe vertical tail was sized for a boost max q0 condition of 177 kpa. It is constructed 
of 6AL-4V titanium. The mass of Uk vertkal tail is 12.300 kg. 

Nose Sectioa-The nose ^tion is constructed of 6AL-4V stiffened sandwich construction. 
IncliKkd in the nose section are the exterior windsh^lds and the nose landing gear support bulk- 
head. wheel well and doors. The titanium sandwich is 3 cm thick and has a smeared thickness of 
0. 1 3 cm. The total mass of the no% section is 9200 kg. 

Crew Module- The crew module is an all welded 22I9-T87 aluminum piessure-ti^t vessel with 
integral stiffening, included in the crew module are the interior (redundant) windshields, hatches 
for ingress and egress, and support provisions for other subsystem elements located within the 
module. The module accommodates a 4-man fli^t crew plus a 6-man passenger ^oup. The crew 
module mass is 2800 kg. 

Fuel(LH 2 )Tank The fuel tank is an all welded 6AL-4V titanium sandwkh pressure vessel. The 
core thickness is 3 cm. Tlie aneared thickness of the sidewall sandwich is 0.41 cm. The dome 
sandwich aneaied thickness varies between 0.2 1 cm and 0.26 cm for the upper dome and between 
0.22 cm and 0.28 cm for the lower dome. The tank mass is 2l.2tK) kg. 

Intert^mk-The inlertank is constmcted primarily of 6AL-4V^ titanium sandwich. It provides ^p- 
port for second sta^* payloads and the payload bay doors. The smeared thickness of the sidewall 
sandwich varies fr<wn 0. 13 cm to 0.25 cm. The intertank mass is 25,9(K) kg. 

Payload Bay Doors-Tlie payload bay door is 24 meters long and has a surface area of 553 square 
meters. It consists of two panels that open at the upper centerline, tach panel consists of four 
equal length segments. The forward 6-meter segment incorporates deployable radiatois. The door 
primary^ structure is of honeycomb and frame construction employing composite materials. The 
door mass is 5 100 kg. 

Oxidizer i LO 2 ) Tank -The oxidizer tank is an all welded 22 19-T87 aluminum pressure vessel con- 
sisting of two elliptical domes. The dome membrane thickness varies between 0.53 cm and 0.63 cm 
for the upper dome and between 0.^2 cm and 1.00 cm for the lower dome. TIte tank mass includ- 
ing slosh baffles is 20,3(K) kg. 

Aft Skirt The aft skirt is approximately 1 2.2 meters long and is constructed of 7075 aluminum. 
The skirt experiences maxinuim compressive loadings of 26.200 N/cm forward and 33,800 N/cm 
aft during the booster 3g condition. I he smeared thickness of the skin-stringer panels is 0.71 cm 
forward and 0.8 1 cm aft. Tlie aft skirt mass is 19.600 kg. 
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TNmt Stmcture The struclim^ consists of an infernal vWe f rustum with a crucilonti bc^i 
at Its k>wer cm! len thrust fH^sts are mcori’H^mtcsl into the tower sectkni of' the cone 
fnistiom amt tiHir thrust p^^sis an" incortH^raled into the cntcitonii beam systei A sotnbinaii^ 
7075 aluniinum oAl -TV titanium struciure is used llie stnietural eleuienis are si/ed lor the 
ipiition condittoo using a dynamic inagnificatioti tacloi ot 12’^. The a%erag^" compressne loading 
in the upper se\ tmn of the cone inistuin is 1 77HKI N.cin and tlie a%i'ragc sineaix'd itiickness of Che 
aiunitnum skin panel is Cl4^ cm flic avciagc cn>ss s^viion aa*a of a titanium thrust post is 73 
square centimeters. Tlie tlmisl struciure mass is kg 

Aft Brrdy Flap fhe constant chord bi>dy tlap provklcs the Orbiler with pitcli trim CiHitu^ and 
thcnnally shields the main engines during entry Hie llap is an alumimim structure w ith !u nev- 
comb skill panels llic flap mass is o40 kg. 

Fairing Structures I jirmg sfructut\*s cimsisi oi a forwarv! wing ! s-bexty famng hx atci! m the trail’ 
sition mgion K'tween the circular luci tank and the 'Tx>\e\" mUrlank, a wnu’ toduxly lairing 
Uxaled under the lower fialf of the circular eft skul. and a taiTti»-Kxfy lainiig Hie lainngs are 
arnmnum structures with hoiwycomb skin \ ancis. Ilie total mass the failings is kg 

HrBS 1.4-1. 3.1. 2 Induced Fmiroiinieittal Proux'ikin Ihe induced emironmcnlal protecuon Mib- 
system consists of 1 1 > Kcusatdc Sui lace Insulation tRSh on Ihe cMenor surfaces of the w ing, tail, 
and btxly, i2t a base heal slucM incoqH^raling RSI, i3l internal iiiMilation for Ihennal control of 
fx^rlinent cinn|X>nents. and {4 \ purge, vcm, and ilrain provisions The inasM S of the foregixng are 
44,800 kg, l4lKt kg. I UK) kg. and UK) kg, respect ivelv, yielding a total subsystem mass of 
48„^lH) kg 

H'BS 1.4 1 .3.1.3 binding and Auxiliary Sysiems I lus subs\ nIciu consists of the landing gear and 
payload handling numpuJator arms Ihe landing ge.if weight isestiniated at .v2 of design landing 
weight, l olal subsystem mass is I ‘>,800 kg 

1%BS 1.4.1. T 1.4 /Weill Pro|>tilsion Hie ascent propulsion suhsy Mem tanrsisls of the main engines, 
accessiiries, gmibal proMsions. and the fuel and oxuli/*'! systems Mam propulsion o provided by 
fiHirtcen (14) standard .SSMI s aiul tlie ass^viated tank pressiiri/alion and propellant delivery 
systems Hie following engine eliaractenstics were used m tlie analysts 


Propellant I O; I H > 

( liamber tVessure 20. (H) kpa 

Aiea Ratio *7 5 I 

MixUiiv Ratti^ t' I 

SpecilK Impulse (Vae) 4 '3 sec 


The mass of the fourteen engines aiul assocMletl aceessones plus g.imbal pivnisu>ns tloi ten engines) 
is 43,54() kg. 
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Pressuruation gases are heated for the LO; tank uid heated GH^ for the LH> tank. The di>' 
mass of the tank pressurization and propellant deliver>' system is 1 7,260 kg. 


WBSI.4.1J.I.S QMS Plropiilsion The oihital maneuver system consists of four (4) ASK engines 
and accessories, and associated tank pressuri/aimn and propellant delivery and stor^ elements. 
The following engine characteristics weir used m the analysis: 

Pro|iellant l.O^ LIH 

Chamber Pressure 1 3 ,800 kpa 


Area Ratio 


:00 1 400 1 


Mixture Ratio 


o I 


Thrust (Vaci 84.000 N 

S|H*cific Impulse tVaci 473 sec 


n»e nrass of the four engines aiul accessi'ncs is ’70 kg 


lank pressiin/ation is provulcJ by a high-prcvsuro low-ioinpcraUirc helhutn gas sysicin. Ilie dry 
mass of the tank prcssiin/aiion and pro|x'llanl delivery and storage elements is 4830 kg 

WBS 1 .4. 1 . 3. 1 .6 Other Systems Ilie rcnuiining ?aihs\slcin massk's luve iven csliinatcd using 
historical or Shu I lie predicted weighis. lliesc subsyMcms include KC'S pri^pulNKMi, prime power, 
electrical comersion and dislnhulion. Inuraulic comersion and diNtnlnUion. aeroNurlaccs controls 
avionics, environmental control, personnel provisions, {vrsonnel. and pa\ load accommodations, 

RCS Pro^ hioii The reaction control sNstem provulcs lor stage orientation oivorbit and prior to 
entrv . and lor control during entrv The subsxstem dry mass is kg 

Prane Power Major power sources consist oi an i>> II > powered luel cell subsystem to proxide 
electrical pi>wcr. and a hydra/mc p\n\ercvl API subs\stem to prinide tiyitraulic p^nver I lic dry 
mass ol the pnme power subsy stem is '500 kg 


Ekctrical Comersion and l>istribiition The power eomersu>n. conditioning and cabinv- elements 
are uk hided m this category . I he su!'\\stem mass is 4S00 kg 

Hydraulic Conversion and Dislrihiifion All stage lunclions requiiing Indraulic power are semceil 
by the hydraulic comcrsiim ami ili>iribiitn>n subsystem The hwirauiic power tor nvkel engine 
tlirusl vector control and valve actuation is included in this category Ihe subsystem mass i> 
kg 


Surface Controls I he .u iiulion s\ stems \oi the aeiodsnamic contrtM mu laces are included in this 
categiuy . as are the civkpit ci^ntiids I he subsxstem mass is ('.SOU kg 
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Anoittcs The avionlct^ ioibsystem includes elements for guidonev, navigation and contnd, conimuni’ 
cations and tracking, di?4>lays and contr^ds, instnimcniation. and data processing and sofM^aie. The 
subsystem ma^ is 2400 kg. 

Env^onmental Control The environmental control subsystem maintains a ha^^iiable environment 
for the crew and passengers, and a conditioned ihennal environincnl for the ; bionics, it proiides 
the basic life support functions for the crew and passengers, and thermal conti'd for several sub* 
systems. It also provides for air lock pres»iri/ation. llie ?oibsv stem ma^ including closed loop 
flukls, is 24W> kg. 

Perscmml Provisioivi Hie fixed life support system and |>erst>nnel accomnuHlations for the 4-nian 
flight crew are included in this category . ITie subsystem mass is 500 kg. 

Personnel The 4-man flight crew and their gear and accessories are included in this catcgoiy . (llie 
b-man passenger gr^Hip and their gear, accessories, and baggage arc consulcrcd f jti of the payloau. f 
The subsystem mass is 1 200 kg. 


Payload Accommodations Removable payload support equipment is included in this category. 
The mass allow ance is 2‘M)0 kg. 


WBS 1 ,4. 1 .3. 2 OrtMter Mass Characterfetics 


The orbiter mass characteristics arc shown in Table 14. 15. Structure acciHints for approx iinaiely 
of the stage dr> mass Hie assent pri>pulsion and Chennai prole* lion subsx s ferns are an 
additional 2^ i of the dr> mass The dry mass is So' of the inert mass with the remainder including 
residuals ami reseixes. personnel and payload acconirtiodations. and inflight lossi's. 
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TaUe I A. US Orbiter F^Jass Stilmeiil 



4% EfiVIRC^Jiy^NTAL 


PROTECTION 

13% 


STRUCTURE 

MXICEO ENVIROIMENTAI. PROTECTH3N 
lAmHHG ANOAUX SYSJtm 
ASCENT PROPULSION 
AIMItlARY PnOPULSNM 
PRIME POWER 

ELECTRICAL ONWEf^tON AND OMTRIBUTK^ 
HYDRAULIC CC^IVERSK)N AND DiSTRIBUTK>N 
SURFACE CONTROLS 
A^ONm 

ECLS5 mo PERSC^EL Pm)V 
OmWTH 

DRV MASS- 

KTOOP^IEL AND PAYLOAD ACCC»\M(KX>ATIOriS 
RESRXiAL AND RESERVES 

LANDING MASS** 

»4TRY IN FLIGHT LOSSES 

START ENTRY MASS‘D 
IN-FLIGHT LC^SES PRIOR TO ENTRY 

INERT MASS - 


MASSdttI 
ICE 900 
49300 
«900 
90900 
9600 
2500 
4900 
3600 
9900 
2400 
2000 
32900 
373 200 
4100 
14 600 
331800 
3^ 
306^ 
»900 
4^100 


DRY MASS BREAKDOWN 


WBS 1 .4. 1 ,4 Uunch Vehicle Costs 


WBSl.4.1.4.1 DDT^^Custs 


The DDT&E cost for the fliclit hardware and its associated ground support equipment is shown in 
Figure 1 .4.1-2 for both the booster and orbiter stages. Tlie total development cost for both stages 
is SI 1.2B. Systems test, which includes all the ground and (light test hardware in addition to the 
test labor, accounts for in excess of SO^t of the total development cost. The booster DDT&E cost 
includes a new rocket engine and airbreathcr engine development. The orbiter DD l &l reflects use 
of the Space Shuttle's SSMF's and some of the other subsystems which were modified rather than 
new developments. All costs quoted are in 1977 dollars. 

Since “System Test" is such a large portion of the DDT&F cost a further detail breakdown is show n 
in Table 1.4. l-(> for both the booster and orbiter: 


The "Systems Test Labor" entrv^ includes the labor for both ground and flight test. A five (5 1 
flight development test program is planned for the vehicle. Pic labor includes all the effort to 
modify equipment, build lest fixtures, install instrumentation and to coiuiuct the test program. 
Approximately 25'r of the systems tost labor entry is attributable to the flight test portion and (he 
remainder is associated with the ground test activity. 

The Parametric Cost Model *!ctaiicd results for both DDT&I and the TFU are tabulated in Tables 
1.4. 1-7 ami 1.4. 1-8 for both the booster and orbiter stages. 
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• TOTAL VEHICLE OOT&E - $11^ (LESS FACILITIES) 


Figure 1 .4. 1-2 SPS Velucle DDT&E Cost 


TaUe 1 .4.1-6 SPS Vehicle Systems Test Co^ Brealulown 



BOOSTER 

ORBITER 

SYSTEM TEST LABOR 

S767M 

$62»M 

GROUND TEST HARDWARE 

S1620M 

S1236M 

STRUCTURAL TEST ARTICLE 

iSMOM) 

(S104M) 

PROPULSION TEST ARTICLE 

IS72SM) 

($566M) 

DYNAMIC TEST ARTICLE 

(S725M) 

($566M| 

FLIGHT TEST HARDWARE* 

S907M 

S708M 

TOTAL 

S3294M 

$2S70M 


•INCLUDES REFURBISHMENT OF DYNAMIC TEST ARTICLE INTO A FLIGHT TEST UNIT. 
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• TiUe 1.4.I-7 Boos^ DDT&E ami TFl) C<^ EstkMte 


NO 


NAH£ 


SUi €UN€NT HETNOD Smit- BICND SU^T OfS NOD ttOO HUME* LtN 
10 CIS FACTOIS FBOH % % CHPlt % 


I PBOOtAR COST ItENENT 


2 FtOG IN? A H6NT 


S SFS 800STE«*II1NG€D 


A FIT VEH DES t OCV 


S STtUCTUffC 


4 MING 

31A400 IBS 


7 TAIL 

35990 LBS 


B BODY 


LBS 


9 HOSE 

6SI28 LBS 


0 OOTAE SUBS 

OFCOOE> 0 
UNIT SUBS 
OPCODE > 0 


I OOTAE FACTOR 
OPCODE* 2 
UNIT factor 
OPCODE * 2 


1 DOTAE SUBS 

OPCODE- 0 
UNIT SUBS 
OPCODE- 0 


3 DOTAE SUBS 

OPCODE* 0 
UNIT SUBS 
OPCODE* 0 


A DDTAE SUBS 

OPCODE* 0 
UNIT SUBS 
OPCODE* 0 


S CDTAE CER 

OPCODE* I 
UNIT CER 
OPCODE* 1 


5 DOTAE CER 

OPCODE* I 
UNIT CER 
OPCODE- 1 


5 ODTAE SUSS 

OPCODE* 0 
UNIT SUBS 
OPCODE* 0 


a DDT&E CER 

OPCODE* 1 
UNIT CER 
OPCODE* 1 


0 0.00 0 

0 0.00 0 

3 0.04 0 

3 0.04 0 

0 0.00 0 

0 0.00 0 

0 O.OU 0 

0 0.00 0 

0 0.00 0 

0 0.00 0 

1 1.00 30 

A4 1.00 AS 

1 1.00 30 

A4 l.OO AS 

0 0.00 0 

0 0.00 0 

1 1.00 30 

A4 1.00 AS 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 0.0 


0 0 


0 0 


0 0 


0 0 


0 0 


1 8A 


1 6A 


0 0 


1 BA 
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Table t.4.1-7 (Contimicd) 


NO 

N4NC 

SUB 

ELCNENT NETHOD 

SQUB* 

OLCNO 

SUPT 

OTS 

NOB 

HOD 

HUHOEt 

LBN 

COST 



TO 



CES 

FACTOBS 

FBOH 

% 

% 

CHPIX 


X 

(0001 

Id 

CKCM HODUIE 

0 

DDT5E N/A 


0 

0.00 

0 

0 

0 

0.0 



0 




OPCODE* 
UNIT N/A 

8 

0 

0.80 

0 




0 

0 

0 




OPCODE* 

8 










II 

FUU TANK 

6 

00T4E CEt 


51 

1.00 

SO 

0 

0 

0.0 



40»942 


76950 LOS 


OPCODE* 
UNIT CE9 

1 

82 

1.00 

4S 




1 

54 

I2a|70 




CPCOOE* 

1 










12 

INUOTANK 

0 

DDT4E CEB 


1 

1.00 

SO 

0 

0 

0.0 



43.040 


9I5SQ LOS 


OPCODE* 
UNIT CEB 

1 

44 

1.00 

45 




1 

54 

20.328 


• 


OPCODE* 

1 










IS 

A/0 raCLOTAHKASS 

5 

DDTSC CEB 


1 

1.00 

30 

0 

0 

0.0 



4.S93 


5040 LOS 


OPCODE* 
UNIT CEB 

1 

44 

1.00 

45 




1 

54 

1.752 




OPCODE* 

1 










1^ 

0XID12EK TANK 

5 

DDTLE CEB 


51 

1.00 

30 

0 

0 

0.0 



* . u * . 


57458 LBS 


OPCODE* 

1 













UNIT CEB 


52 

1.00 

45 




1 

54 

13.278 




OPCODE* 

1 










IS 

AFT SK15T 

5 

DDT4E CEB 


51 

1.00 

50 

0 

0 

0.0 



57.314 


U4S10 LBS 


OPCODE* 

1 













UNIT CCR 


82 

1.00 

45 




1 

54 

14.721 




OPCODE* 

1 










14 

THftUST STKUCTUOE 

5 

DDT4E CEB 


1 

1 .00 

30 

0 

0 

0.0 



41 .581 


57970 IBS 


OPCODE * 

1 













UNIT CEB 


44 

1 .00 

45 




1 

54 

13.775 




OPCODE* 

1 










17 

AFT BODY FLAP 

5 

ODTLE CEB 


2 

1.00 

30 

0 

0 

0.0 



17.158 


49S0 LBS 


OPCODE* 

1 













UNIT CEB 


47 

1.00 

45 




1 

84 

3.947 




OPCODE = 

1 










IS 

FAIIUHG STBUCTU9F 

5 

DDUE CEB 


1 

1.00 

30 

0 

0 

0.0 



16.294 


20570 LBS 


OPCODE* 

1 













UNIT CEB 


44 

1.00 

45 




1 

84 

5,734 


OPCODE* 
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Table 1.4.l<7 (Continued) 


m 

NAIH 

$Hi liCItfHt 

ncTMon sottt* bicnd 


OTS 

Hu«i 

nm Ntmnrt 

ItN 

COST 



to 

Cts FACTOIS 

FffOH 

% 

% 

CM^lX 

* 

tOOO) 


If 

NISC STIUCTUtt 

0 

OOTftt N/A 


0 

0*00 

0 

0 

0 

0.0 



0 




OPCODI« 
UNIT H.^A 

0 

0 

0.00 

0 




0 

0 

0 




OPCUOl • 

a 











TNitNAl eeOT SYS 

A 

OOtftC SUOS 


0 

0.00 

0 

0 

0 

0.0 



lA.Sfft 




OPCODC * 
UNIT SUIIS 

0 

0 

0.00 

0 




0 

0 

ft.2ftS 


ft 


OPCODE* 

0 










21 

Mtiie txtftiHfti tps 

20 

DDtftE CEO 


ai 

0.10 

30 

0 

0 

0.0 



ApAft-* 


7ftftT9 L»S 


OPCODE* 

UNIT CCt 

t 

a2 

oao 

ftS 




1 

8ft 

1 .ftSft 




OPCODE* 

1 










22 

TMt iXTCtHAl 

20 

DDTftE CEO 


ai 

0. 10 

30 

0 

0 

0.0 



A33 


7910 tOS 


OPCODE* 
UNIT CIO 

1 

82 

0.10 

AS 




1 

8A 

25A 




OPCODE * 

t 










23 

iODV SXTIftNAL TI^S 

20 

DOTftE CIO 


ai 

0.10 

30 

0 

0 

0.0 



A73 


63ft0 liS 


OPCODE* 

1 













UNI1 CCft 


82 

0.10 

AS 




1 

acr 





OPCODE* 

1 











•ASI NCAT SHIIID 

20 

DDTftE CEO 


83 

2.00 

30 

0 

0 

0.0 



8. 3lf 


3110 507 


OPCODE • 

1 













UNIT CE« 


8ft 

2.00 

A5 




1 

8A 

A. 123 




uPCODE* 

1 










25 

INTtXNAl res 

0 

DDTftE N/A 


0 

0 . 00 

0 

0 

0 

0.0 



0 




OPCODE - 
UNIT N/A 

a 

0 

0.00 

0 




0 

0 

0 




OPCODE* 

a 










2ft 

DftAlN 

0 

DDTftE N A 


0 

0.00 

0 

0 

0 

O.D 



0 




OPCODE* 

a 













UNIT N/ft 


0 

0.00 

0 




D 

0 

0 




OPCODE* 

a 










27 

iANDIHG ft AUX SYS 

ft 

DDTftC SLIiS 


0 

0.00 

0 

0 

0 

0.0 



If 3. I8S 




OPCODE ■ 

0 













UNIT SUBS 


0 

0.00 

0 




0 

0 

lOf .8^5 




OPCOOt * 

0 
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Table 1.4. 1-7 (Continued) 


0 

NAnt 

SUB EUNCNT 

HETMO0 SOUt- 

Bl€HD 

SilPT 

OTS 

MOD 

HOD NUMBCi 

ItH 

COST 



TO 

CCS 

fACTOtS 

rRQH 

X 

% 

CHPIX 

% 

tOOOl 



MAIN IANDIN6 6CAR 

27 

oot&e CER 


s 

t .00 

50 

0 

0 

0.0 


47.218 


IA450 IDS 


OPCODE^ 
UNIT CEB 

1 

so 

1 .00 

A5 




A 8A 

2I*04A 




orcooE- 

1 






A0GBE6ATE0 

VALUES 

:o,557 

29 

NOSC lANDlNO GEAR 

27 

ODTAE rCR 


5 

1.00 

50 

0 

0 

0.0 


41.811 


15200 iOS 


OPCODE* 
UNIT CEB 

1 

SO 

1.00 

A5 




1 8A 

15.552 




OPCODE* 

i 









$0 

SEPARATION SVS 

27 

ODT&E CEB 


5 

1.00 

50 

0 

0 

0.0 


25,251 


AAOO IBS 


OPCODE* 
UNIT CEB 

1 

50 

l.GO 

A5 




1 8A 

7,827 




OPCODE* 

1 









51 

DRAG DEVICE 

27 

ODTKE CEB 


5 

1 . DO 

50 

0 

0 

0.0 


58,505 


7AB0 IBS 


OPCODE* 
UNIT CEB 

1 

50 

1 .00 

A5 




1 8A 

12. 120 




OPCODE * 

1 









5^ 

MAIN PROPUISIQN 

A 

DDT5E SUBS 


0 

0.00 

0 

0 

0 

0.0 


802. SOA 




OPCODE • 

0 












UNI? SUBS 


0 

0.00 

0 




0 0 

155. 25A 




OPCODE ‘ 

0 









35 

ROCKET ENGINES 

32 

DDTSE CEB 


AA 

1 .00 

50 

0 

0 

0.0 


782,028 


2.I78EA TMJ? 


OPCODE ' 

t 












UN11 CFR 


80 

1 .00 

A5 




U 85 

12.375 




OPCODE * 

1 






AG6BE6ATED 

VALUES 

1A5 , 052 


5A ENGINE 

ACCCSSOBIES 

52 DPISE CEB 

5 

1 .00 

50 

0 0 0.0 

10,550 

1515 

LBS 

OPCODE^ 1 








UNIT CEB 

50 

1.00 

A5 

14 85 

5.2A8 



OPCODE = 1 




AGGBEGATED VALUES 

35,121 


55 FBOPEILANT 

SYS 

52 DD15E CEB 

AO 

1 .DO 

50 

0 0 0.0 

5.885 

439A 

LBS 

OPCODE * 1 








UNIT CEB 

74 

1 .00 

A5 

16 8A 

1 .060 



OPCODE* 1 




AGGREGATED VALUES 

11,021 


J6 AUXUMV PROP 

A DOTLE SUBS 


0 

0.00 

0 

0 

0 

o 

o 



23A.570 


OPCODE * 

0 











UHU SUBS 


0 

0.00 

0 




0 

Q 

107,078 


OPCODE ^ 

0 
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Table 1.4. 1*7 (Continued) 


NO 

H«rtC 

SUft lUHIHT 

ntTHOD SOUII- 

BLFNO 

SORT 

OTS 

hv..> NOD NUHnER 

IRN 

COST 



TO 

C£S 

FACTORS 

FROM 

X 

% CMflX 

X 

(000) 


5T RCS 


3i OOTtE CEt 

2B 

0.54 

50 

0 

0 0.0 

IT.SOJ 

}ioa 

Its 

OPCODE* 1 

<iO 

0.h6 







UNIT CE8 

73 

0.54 

45 


4 04 

5,8 J<. 



OPCODE* 1 

76 

0.46 



AGGREGATED VAiUES 

15.S<> J 


58 TtVBACK PVOPUISIQN 

36 DDTtE SUBS 


0 

0.00 

0 

0 

0 

o 

o 



21 7. <,47 


OPCODE* 

0 










• 

UNIT SUBS 


0 

0.00 

0 




0 

0 

87,5J<, 


OPCODE* 

0 











34 PRINE POWER 

4 DOTAE CER 

28 

0.61 

30 

75 75 5.0 

13.741 

5170 LBS 

OPCODE* 1 

12 

0*34 





UN!^ CER 

73 

0.61 

45 

01 

16.463 


OPCODE* 1 

57 

0.34 


AGGREGATED VALUES 

30.509 


40 ELECT 

COMV A DIST 

4 ODTAE CER 

14 

0.21 

30 

0 

0 

0.0 


26,011 

10230 

LBS 

OPCODE* 1 

13 

0.74 









UNIT CER 

54 

0.21 

45 




1 84 

20.192 



OPCODE* 1 

53 

0.74 








41 M¥0 CONV A 

OIST 

4 DDIAE CER 

5 

0. 75 

30 

10 40 

5.0 


48.684 

26400 

LBS 

OPCODE* 1 

40 

0.2 5 








UNIT CER 

50 

0. 75 

45 



1 84 

23.113 



OPCODE* 1 

76 

0.25 







42 SURFACE 

CONTROLS 

4 DDTAE CER 

5 

0.75 

30 

10 40 5.0 

15.882 

(270 

LBS 

OPCODE* 1 

40 

0.25 






UNIT CER 

50 

0.75 

45 

4 84 

8.671 



OPCODE- 1 

76 

0.25 


AGGREGATED VAIUES 

24.046 


43 AVIONICS 

4 DDTAE SUBS 

0 

0.00 

0 

0 

0 

o 

o 



44.417 


OPCODE* 0 
UNIT SUBS 

0 

0.00 

0 




0 

0 

25. 112 


OPCODE* 0 











44 G.N.A C 


43 DDTAE CER 

18 

1 .80 

30 

25 75 

5.0 


23.640 

457 

LBS 

OPCODE * 1 

UNIT CER 

63 

1 .00 

45 



! 64 

4.457 

• 


OPCODE* 1 









45 COHH. 

A TRACKING 

43 DDTAE CER 

16 

1 .00 

30 

25 75 

5.0 

14.724 

517 

LBS 

OPCODE* 1 









UNIT CER 

61 

1.00 

45 


1 34 

7,341 



OPCGDL* 1 
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TaUe 1.4. 1- 7 (Continued) 


NO NANC 


Ai DISPLAYS A CONTftOlS 


A7 INSTRUNEHTATIQN 
59A LBS 


A8 DATA PROCESSING 
IAS2 LBS 


A9 ENVIRON CONTROL 


50 CABIN I personnel 


51 EQUIPMENT 

500 LBS 


5^ AIRLOCK 


53 PERSONNEL PROV 


5A LIFE SUPPORT SYS 


SUB ELEMENT METHOD SOUR- 


TO CES 


0 DDTte N/A 0 

OPCODE^ 8 
UNIT N/A 0 

OPCODE* a 


A5 ODTAE CER IS 

OPCODE^ 1 
UNIT CER AO 

OPCODE* I 


A5 PDTAE CER 17 

OPCODE^ 1 
UNIT CER 62 

OPCODE* I 


A ODTAE SUBS 0 

OPCODE* 0 
UNIT SUBS O 

OPCODE^ 0 


0 DDT&E N/A 0 

OPCODE* 8 
UNIT N/A 0 

OPCODE^ a 


A9 DDTAE CER 9 

OPCODE* 1 
UNIT CER 5A 

OPCODE = 1 


0 DDTiE N/A 0 

OPCODE^ 8 
UNIT N/A 0 

OPCODE* 6 


A DDTSE SUBS 0 

OPCODE* 0 
UNIT SUBS 0 

OPCODE* 0 


0 DDTSE N/A 0 

DPCODF* 6 
UNIT N/A 0 

OPCODE* 8 


BLEND SUPT OTS Muu MOD 

FACTORS FROM % \ CMPLX 

0.00 0 0 0 0.0 

0.00 0 

1.00 50 25 75 5.0 

1.00 AS 

1.00 30 25 75 5.0 

1.00 AS 

0.00 COO 0.0 

0.00 0 

0.00 0 0 0 0.0 

0.00 0 

1 .00 50 0 0 0.0 

1.00 A5 

O.QQ 0 0 0 0.0 

0.00 0 

0,00 000 0.0 

0,00 0 

0.00 000 0.0 

0.00 0 


NUMBER LRN COST 

% ( 000 ) 

0 

0 0 0 

5»560 

1 8A 2.A21 

7,692 

1 8A S.8A2 

2.525 

0 0 756 

0 

0 0 0 

2.525 

1 BA 756 

0 

0 0 0 

0 

0 0 0 

0 

0 0 0 


:o: 
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Table 1.4. 1-7 


ORIGINAL PAGE IS 

OF POOR QUALTHC 

(Continued) 


NO NAHE SUB ELEMENT NETMOD SOUB- BLEND SUPT OTS HUU NUD NUHnER LRN COST 



TO 


CES 

FACTORS FROM % 

% CMPIX 

% 

(000) 


SS PERSONNEL ACCOM 

0 DDT&€ H/A 


0 

Q.OO 0 0 

0 0.0 



0 


OPCODE* 
UNIT H/k 

8 

0 

0.00 0 


0 0 


0 


OPCODE* 

8 








$8 A/B ENGINES 

58 DDT&E CER 

85 

o 

o 

50 

0 

0 0.0 

193,203 

82500 THR 

OPCODE* 1 








UNIT CER 

87 

1.00 

85 


12 89 



OPCODE* ; 





AGGREGATED VALUES 

85.275 


57 A/B 

ENG ACCESS 

58 DDTSE CER 

5 

1 .00 

50 

0 0 0.0 

6 . SI s 

880 

LBS 

OPCODE* 1 








UNIT CER 

50 

1 .00 

85 

12 89 

2.073 



OPCODE* 1 




aggregated values 

I9,s«2 


58 NACELLES, DUCTS, ETC 

58 DDT5E CER 

2 

1.00 

50 

0 0 0.0 

10.873 

2750 IBS 

OPCODE* 1 







UNIT CER 

87 

1 .00 

85 

12 88 

2 . 325 


OPCODE* 1 




AGGREGATED VALUES 

1 9 . 1 5 


59 FUEL SYSTEM 

58 DDT&E CER 

83 

1 .00 

50 

0 0 0.0 

6,969 

3500 LBS 

OPCODE- 1 







UNIT CER 

76 

1 .00 

85 

1 2 88 

6 72 


OPCODE* 1 




AGGREGATED VALUES 

5. SSI 


60 DUMMY MBS 

0 DDT&E H'k 


0 

0.00 

0 

0 

0 

o 

o 



0 


OPCODE* 

8 











UNIT N/A 


0 

0.00 

0 




0 

0 

0 


» OPCODE* 

8 











61 DUMMY MBS 

0 DDT&E N/A 


0 

0 . 00 

0 

0 

0 

0 . 0 



0 


OPCODE* 

8 











UNIT N/A 


0 

o.ou 

0 




0 

0 

0 


OPCODE « 

8 











62 DUMMY NBS 

0 DDT&E N/A 


0 

o 

o 

o 

0 

0 

0 

o 

o 



0 


OPCODE* 

8 











UNIT N/A 


0 

0 .00 

0 




0 

0 

0 


OPCODE* 

8 











65 ASSEMBLY & CHECKOUT 

5 DDT&E N/A 

0 

0 .00 

0 

0 

0 

0 . 0 


0 


OPCDOt* 8 










UNIT factor 

8 

0.15 

85 




1 88 

61 .865 


OPCODE * 2 










03 
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TMt 1.4.t'7 (CoBtmaed) 


NO 

MAM 

SOB fIfNCNT 

HETNOD S(MK> 

•LEND 

SOP’ 

OTS 

mio 

HOB IHIHBCt LtN 

COST 



fO 

CES 

FACTORS 

Ft OH 

X 

X 

CHPIX X 

<Q0Q) 


«A Tool INC 

5 ODT&F CER» 


0.00 

0 

6 

0 

0.0 



SSO.AOO 


OPCODES 17 

8S 

0.00 









OMIT N/A 

0 

0.00 

e 




0 

0 

0 


OPCODE = 8 











45 SYSTEHS ttST 

5 DDF4E SUBS 

0 

0.00 

0 

0 

0 

O.Q 





OPCODES 0 
UNIT SUBS 

0 

0.00 

0 




0 

0 

0 


OPCODES 0 











44 SVSTEHS TEST LABOt 

45 DDTAE CEt» 

4 

0.00 

0 

c 

0 

0.0 



744»948 


OPCODES 12 

S3 

0.00 









UNIT N/A 

0 

0.00 

0 




0 

0 

0 


OPCODES 8 











47 etB TEST HDUE 

45 OOTSE SUBS 


0 

0.00 

0 

0 

0 

0.0 



1.42Ctl04 


OPCODES 

0 











UNIT N/A 


0 

0.00 

0 




0 

0 

0 


OPCODES 

8 











48 STtucr TEST a:,;:ci£ 

47 DD7SE FAC 

UN 

5 

1.00 

0 

0 

0 

0.0 



149.270 


OPCODES 

3 











UNIT N/A 


0 

0.00 

0 




0 

0 

0 


OPCODE* 

8 











49 OTN TEST AtTIClE 

47 DDTiE FAC 

UN 

4 

1.00 

0 

0 

Q 

O.Q 



7^S»414 


OPCODE- 

5 











UNIT N/A 


0 

0.00 

0 




0 

0 

0 


OPCODE* 

8 











70 PROP TEST AtTlCEE 

47 DDTAE FAC 

UN 

4 

1.80 

0 

0 

0 

0.0 



725.414 


OPCODE* 

3 

6 

-I .00 











7 

-1 .00 









UNIT N/A 


0 

0.00 

0 




0 

0 

0 


OPCODE* 

8 











71 FIT TEST HOME 

45 OOTAE 

UN 

4 

1.25 

0 

0 

0 

O.D 



904.771 


OPCODE = 

3 











UNIT N/A 


0 

0.00 

0 




0 

0 

0 


OPCODE* 

8 











72 S E 4 I 

3 DDTAE CEt» 

4 

0.00 

0 

0 

0 

0.0 



75.218 


OPCODE* 12 

32 

0.00 









UNIT N/A 

0 

0.00 

0 




0 

0 

0 


orcoDe= 6 
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T«M»t.4.t>7 (Contimtfd) 


OK 




NO 


Nn*t(| 


tyt lifNINf NilNOO SOUt- iifNO $ypf Oft K H0O NUNtEt itN CO^f 

10 CIS rtciott ftoN % % cNPit t laaei 


f\ fit vfM a a t f 

a oaiii fuciot 

A 

1 .aa 

a 


nrcoai* 

% 


1 .aa 






1 .a© 



lINtf N^A 


a 

a, ©a 

a 


iiPi;oaE ‘ 

a 





?A tOftNAtl |N$i 

1 OOtii Clt«i 


a. DC 

a 



%s 

a,ao 



UNtI N A 

0 

a, ©a 

a 


«r*cu©i ^ a 





rs CM 

I OD1M Cl«« 

% 

a.oa 

a 


ui'vinn - ij 

S3 

a, 00 



UNI1 i'it* 

A 

a,aa 

a 


arcorf* \7 

%» 

0.00 



7% PDIM 631 t/t 

1 PDUI 1 \C UN 
Ui^C iUn* » 

fs 

.V uo 

0 


UNtf N A 

© 

0,00 

0 


OKcmit- 3 


a a a a 


a a a. a 


a a a. a 


a a a, a 


a a 


e a 


a a 


st^ 




?0S 


i 

e 

a<t* 

e 

its 

eoi 

00^ 

0 
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Tablet. 4.1-8 Ovbitcr DDT&E and TFU Cost E^bnate 
(Sn Winged Orbiter) 


mmt 

SUB ciencNT 

ncrNoo sout- 

aicNo 

SUPf 

OTS 

HOD 

IHID HUHtCt 

LtN 

COST 


10 

CfS 

FACTOas 

FCON 

% 

X 

CHPIX 

X 

<D60) 


t PeOGtAN COST ELCHENT 

e D?TiE SUBS 


0 

0.00 

0 

0 

0 

0.0 





OPCODE < 

0 











UNiT SUBS 


e 

0.00 

0 




0 

0 



OPCODE = 

0 











2 PBOe INT X K6HT 

1 ODtXE fACTOt 

S 

0.04 

0 

0 

0 

0.0 



IS2.94S 


OPCODE* 2 











CHIT fACTOO 

3 

0.04 

0 




0 

0 

3S.48? 


OPCODE « ^ 











S SPS OaaiTCB-HIIMEO 

1 00T4E SUBS 


0 

0.00 

0 

0 

0 

0.0 



4.541.132 


OPCODE • 

0 











UN II SUBS 


0 

0.00 

0 




0 

0 

730.990 


OPCODE ■ 

0 











A Ft? VEH DCS 1 DEV 

5 DOT&E SUBS 

0 

0.00 

0 

0 

0 

0.0 



1.115.144 


orcooE^ 0 










• 

UNIT SUBS 

0 

0.00 

0 




0 

0 

544.031 


crCODE* 0 











S SIPUCTUtC 

A ODIiE SUBS 


0 

0.00 

0 

0 

0 

0.0 



52A.AS9 


OPCODE* 

0 











UNIT SUBS 


0 

0.00 

0 




0 

0 

103,445 


OPCODE* 

0 











« HIMG 


5 ODTAE CEO 

1 

1.00 

30 

0 

0 

0.0 


03,591 

125400 

IBS 

OPCODE* 1 











UNIT CEO 

44 

1.00 

45 




1 04 

24.450 



OPCODE* 1 










7 TAIE 


«* ODTAE CEt 

1 

1 .00 

30 

0 

0 

o 

o 


22.042 

29 f 20 

IBS 

OrCOOt* 1 











UNIT CEO 

44 

1 . 00 

45 




1 04 

7,fi;s 



OPCODE * 1 










0 BODY 


5 0DT3E SUBS 

0 

0.00 

0 

0 

0 

0.0 



210,205 


IBS 

OPCODE ^ 0 












UNIT suns 

0 

0.00 

0 




0 

0 

49,319 


0»’C00t« 0 


9 NOSE 


0 DOtlE CEP 

1 

1.00 

30 

0 

0 

0.0 


17.<»71 

22220 

lOS 

OPCODE* 1 











UNIT CER 

44 

1 .00 

45 




1 04 

4,123 



OPCODE* 1 










06 



D180-2407I-1 


.ORIGINAL 
OK POOR aUAuni 


TtMe 1.4J-8 (Contteoed) 


HQ 

H4H€ 

lllHCNf 

NttMOO SOttt- 

•ICND 

soft 

ots 

HOO 

HOO HOHilt 

itH 

COST 



10 

ccs 

rACTOtS 

rtOH 

% 

% 


% 

<000) 


«0 

CtlU NODOU 

B 

OOTKl CEO 

R 

i.oa 

10 

0 

B 

B.Q 



RRasO 


4710 

IBS 


OPCODE* 1 

UMf» era 

AT 

1*011 

AS 




1 

BA 

S.RRT 





o*coor* 1 










tl 

rUfl TANK 


B 

ODTAE CEO 

1 

i*Bi 

50 

B 

B 

0.0 



ST.SA4 


SI400 

ios 


OPCODE • 1 

UNIT CEt 

AS 

1,00 

AS 




1 

BA 

IR.AOO 





OPCODE* 1 










U 

INtitfOHK 


0 

DDTAI CIO 

1 

1.00 

50 

B 

0 

0.0 



AA.7B0 


4^9^0 

IBS 


OPCODE* I 
UHII eft 

A4 

1.00 

AS 




1 

BA 

1A« 74A 





OPCODE • 1 










1 1 

BAV DOOBS 

B 

OOTtI CER 

) 

1.00 

50 

0 

0 

0.0 



lO.RSS 


\:UQ 

IBS 


OPCODE* 1 
UNtl CER 

Ai 

1.00 

AS 




1 

BA 

S.71R 





OPCODE* 1 











OXlOIZtB 

TANK 

B 

flOUl Cft 

ai 

1.00 

so 

0 

0 

0.0 



74.440 


441 70 

IBS 


OPCOQC * 1 

UNIT CER 

OR 

l .00 

AS 




1 

BA 

5.11*. 





OPCODE* 1 










IS 

ATT S4|fir 


0 

DD1KE Cit 

at 

1 .00 

10 

0 

0 

0.0 



7S.40A 


ATASO 

IBS 


urcCDE* X 














UNll CER 


1.00 

AS 




1 

BA 

r.8R7 





OPCODE* 1 










u 

THRUST STiUCTUtC 

a 

DPIAC CER 

X 

1.00 

50 

0 

0 

0 0 



14.077 


^44^0 

IBS 


OPCODE* 1 














UNIT ClR 

A4 

1.00 

AS 




1 

BA 

4.4S7 





OPCODE* 1 










17 

AM BODY 

MAP 

a 

OntAC CfR 


1.00 

50 

0 

0 

c.o 



4 , AAA 


IS40 

lOS 


OPCOPE* 1 














UNIT C C R 

A7 

1 .00 

AS 




1 

BA 

1 . S?fe 





OPCODE* 1 










10 

rAlRINa STRUCTURE 

a 

DDTtr CER 

1 

1 .00 

SO 

0 

0 

0.0 



B . 1 4 S 


•^ro 

iOS 


Or'copr* i 
UNIT CfR 

AA 

1.00 

AS 




1 

BA 

5,001 





optonr* 1 












D1 80-24071 -I 


Table 1.4.1-8 (Cbntinued) 


NO 

HAIIC 

SUi CLCNCNT 

NCTNOO SOUt- 

Sl€NO suf>r 

OTS 

HOD 

N3D NUNBCt 

ItN 

COST 



TO 

C€S 

FACTOSt FAOH 

X 

% 

diet* 1 

X 

<oeo) 


If 

NISC STtU'TOtC 

B 

ODTAE N/A 


6 

6.66 

6 

6 

6 

6.6 



6 




OPCODE* 
UNIT H/A 

a 

6 

8.66 

0 




0 

6 

0 




OPCODE* 

a 










29 

TNCtNAt PtOr SYS 

A 

OOT&E SUBS 


6 

6.66 

0 

0 

8 

6.6 



UAaOOY 




OPCODE* 
UNIT SUBS 

0 

0 

6.60 

0 




0 

6 

45,367 




OPCODE = 

0 










21 

NtHS CXTFtNAt TPS 

26 

DDTIE CER 


83 

2.60 

30 

0 

0 

0.6 



Sa,363 


35A4^ SQF 


OPCODE* 
UNIT CEB 

i 

8A 

2.06 

AS 




1 

8A 

2A.734 




OPCODE* 

1 










22 

TAIL EXiLtNAL TPS 

26 

DDUE CEB 


53 

2.60 

30 

0 

6 

0.6 



1A«707 


7202 SQF 


OPCODE* 
UNIT CEB 

1 

5A 

2.66 

AS 




1 

8A 

7.832 


• 


OPCODE* 

1 










2$ 

BODY CXTEtNAL TPS 

26 

DDTSE CEB 


83 

2.00 

30 

0 

6 

0.0 



70.631 


A2^0S SQF 


OPCODE* 

i 













UNIT CIB 


8A 

2.00 

AS 




I 

6A 

26.573 




OPCODE* 

1 










2^ 

BASE HEAT SHIELD 

20 

ODTLE CEB 


83 

2.00 

30 

0 

0 

0.0 



S.045 


1AY7 SQF 


OPCODE* 

1 













UNIT CEB 


8A 

o 

o 

AS 




1 

8A 

2.4U 




OPCODE* 

1 











2S INTEBNAL 

TCS 

20 DDTSE CEB 

S 

I .00 

30 

0 

0 

0.0 


7.138 

2540 

SQF 

OPCODE* 1 











UNIT CEB 

S3 

o 

o 

AS 




1 8A 

SI4 



OPCODE^ 1 










24 PURGE. VENT. A DRAIN 

20 DDTSE CEB 

AO 

o 

o 

50 

0 

0 

0.0 


S.773 

231C LBS 

OPCODE= 1 










UNIT CEB 

76 

! .00 

AS 




1 6A 

S24 


OPCODE- 1 










27 LANDING t AUX SYS 

A DDTSE SUBS 


0 

0.00 

0 

0 

0 

0.0 



62.376 


OPCODE = 

0 











UNIT SUDS 


0 

0.00 

0 




0 

0 

SS.677 


OPCODE * 

0 
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ORIGINAL PAGE IS 
or PiX)R QUAIJTY 

Table 1. 4.1*8 (ConlbHwd) 


NO 

NANt 

sua luncNT 

NETHOO SOIIi* 

tlENO 


ors 

NOD 

NOO NUNiEt 

liN 

CO^T 



TO 

CIS 

EA€tOt$ 

MON 

% 

% 

CNNIX 

% 

COQOI 


2a 

MAIN lANOtMS BEAR 

2T 

OOTAE CCi 


S 

i.ao 

10 

0 

0 

0.0 


17r2AS 


7D«S IBS 


OPCOOC* 
UNIT tE« 

1 

ID 

i.aa 

AS 




A OA 

IIeAOI 


* 


OPCODE* 

1 






AGOiEOATED 

VAIUES 

i8»eAa 


mSE lANOtKC BEAR 

27 

OOUE CEO 


% 

1.00 

so 

0 

0 

0.0 


IS. Ill 


EERO IBS 


OPCODE* 
UNIT CEO 

1 

se 

1.00 

*5 




1 5A 

10.112 




OPCODE* 

1 









10 

SEPARATION SVS 

0 

DDTtE N/A 


a 

0.00 

0 

0 

0 

0.0 


0 




OPCODE* 

a 












UNIT N/A 


a 

0.00 

0 




0 0 

0 




OPCODE* 

a 









11 

P/I HANOI IN6 SVS 

27 

DDTAE CEO 


s 

1.00 

30 

0 

0 

0.0 


If .177 


)SOe IBS 


OPCODE- 
UNII CEO 

1 

so 

1.00 

AS 




1 OA 

A.I7S 




OPCrt E* 

1 









12 

NAIN PROPUISION 

A 

DDTAE SUaS 


0 

0.00 

0 

0 

0 

0.0 


Al .050 




OPCODE* 

0 












UNIT sues 


0 

0.00 

0 




0 0 

18: . 71A 




OPCODE* 

0 









11 

ROCKET ENCtNES 

12 

DOTfC « 


0 

0.00 

0 

0 

0 

0.0 
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The initial unit production cost for both the SPS cargo vehicle booster and orbiter is shown in 
Figure L4.1-3. The theoretical first unit cost (TFU) for the booster of S82F4M und S638 5M for 
the orbiter were developed using the Bcunng Parametric Cost Model (PCM). Tlie following is a 
breakdown of the TFU cost by major subsystem: 


Sui^ystem 

Bo jsier 

Orbiter 

Structure 

:i'7 

l(>^ 

TPS 

N.'A 

lO'r 

Main Propulsion 

:4'T 

:80' 

Landing and Au\. Sys. 

LVr 

9'r 

Flyback Propulsion 

1 1',’ 

N/A 

Other Subsystems 


26'r 


The ground support equipment TFU cost is estimated to be SI62.8M and SI 2b. OM for the booster 
and orbiter respectively. 

WBS 1 .4. 1 .4.3 Average Cost Flight ( 1 Satellite Yearl 

The cost night breakdown shown in l igure 1.4, 1-4 is the average for the 400 per year launch rale 
and 14 years of operation. Ihe cost llight items follow the Shuttle User C harge Policy guidelines 
with the following additions. 

1 . Anu>rli/ation of the tleel prvHiuctivm costs 

2- Inclusion of the rate tooling cost duo lo the liardwarc quantities required. 

The following assumptions and criteria regarding refurbishment and replenishment spares was used 
to develop the average cost per tlighl for the vehicle: 


State Flement 

AirtVame 


Design Life Refurbishment 

300 lliglus I aeh 100 flight 

30* r of production 
cost 


Replenishment 

0. IS' r per flight 


Rocket 
I ngincs 


liuicfiniic I aeh 50 flights 0,5(V7 per flight 

M) ■ of prodiictiiMi 
cost 
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Figure 1 .4. 1-3 SPS Launch Vehicle Production Cost 


tn-iaea 



• TWO^TAGE WINGED VEHICLE 

• PLACEMENT OF 1 SATELLITE 
PER YEAR (400 FLIGHTS) 

• 14 YEAR PROGRAM 

• NO ATTRITION 


pace b 
'WR quautb 


Figure 1.4. 1-4 SPS Launch Vehicle Average Cost/Flight (One Satellite/Year) 
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The ertVct t>f design life and utlrilion rate vanations are shown tn Figure 1.4.1'*^, Based on these 
trends the recommended goals Tor design htV and attritivm rate atv 5lK) tlights and 0. h i respect i\ely 

Might Hardware piXHluction and spares is the largest single item with the booster and orbiter 
accounting for 55^ and 45^T, respectively. Propellant cost amounts to 12 "\ of the total per (light 
cost . 


WBS 1,4, 1.4*4 Effect of Launch Rate on Cost/Flight 

Figure 1.4, l-o illustrates the effect of launch rate vm the average cost llight and the transport cost 
to low F arth orbit for tbe SPS caigv^ vehicle I he required l aunch rate ot approx mutch .''00 tlight 
per satellite results in the following 

Aitnuat Launch Rate Cost Flight Transport Cost 

> kg \bm) 

41X) FliglUv S*i3 44"M ol tl4 ,'S) 

ipOO Flights S10.^54M :5 ot U 1-501 

A 40 launch per year rate, eoinparable to the planned rate to* Shuttle tvom KSC , would ivsult m 
an average cost ot SdoM per flight tv>i the SPS cargo launch voluciv' Also lU'tCil on the chart. ,ue 
(he N ASA JSF in-house cost estimates as of Jaiujarv 


WBS 1 .4. T 5 Vehicle Operations 

The 2-stage winged vehicle operations plan includes pielaunclu launch, and recvwcr> actiMtie'^ 
assiviated with the SPS launch vehicle The launch site operations plan ineludes 
1 Both \ eludes landing at tiu' laundi site 

2, Stage numtenance and checkv>ut .n iiedicalCii la' iliiies tor both the booster aiui orbiiei 
5- .Mating, velucle integration* and lueung at tlic launch pad 

A hon/ontal mating operation is planncvi ow x\\ launcher vl'cre tlie two suges will be lou'.ed a*' 1 
then rotated to the vertical Ihts concept is depicted in I igme 14 1*' I .ic uppe. portion ot ih ' 
launcher erector is rotated away from the vehicle after the Nchicle is in the \ertu\tl pvCMUon to 
prov de elearanee for launch 
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Figure 1.4. 1-6 Effect of Launch Rale »ii Cost . .t Flight 
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Booster 

The btHmer Uiiiclinc Irom biuuii ls.» its move in the tnlegratii»n position is shou n m l igurc I 4 I 
The timelines ivtleet the ;i\eraee timelmeN tor the t>|V! Jtioiul ljuneh vehiele system A umS\ oI 
d 2 hours IS esfimalcil lor itus iHKtion ot the tiirnariHiiul with the s^heJuleil aiul unwhciluled 
numtenanee aetivii\ requmu^ so hourN On hoard eoiulition monilt^nnt* eqmpmeiil will enhanee 
the operations hy 

I Prm idme perUMiuaiu e numitoi ing ot tire stage suhs\ stems 
2* Aiding III fault isi^ation and detection 

Rivket engine inaintenanee is antKipatsHl to be the man»r |H>rtion ol the hoi^ster otH'rations 

Orbiter Timelii^ 

The orbiter timeline from lauiu h to its move to the integration |H>sinon is shown on bigure 1 4 1-^ 
A tiUal tune ot hovirs tor oibtter pr%xesMUg iiKiuding 24 hour on-i»rbit sfa\ tune is esfiinatcd* 

Ihe inaintenanee porlum td the aefoitv is estimated to a-quire 48 htuirs dtie to the thenual protvv- 
lion system and Ihe additional s\ stems equipment lequtred lot the manned stagi* A total ot I 2 
hours has been allocated tor pa\load iiisiallation in a parallel o|Vralion with the orbiter 
mamteuance 

Integrated Vehk le Timelines 

I he vehicle mfegiaicd operations Uinehne is slun\n on I icuie I 4 I 10 I hesi' activities are at the 
launch site and u :1ecl all the opeiations U\k\\ veliiclc mating tluougli launch Ihis jx^rlion ol the 
launch opeiations requires .^4 hours tor ifu* InH'ster and 40 lunirs tor the orbitei I he Itdal turn- 
around limes lor the booster and orbiter are Numman/ed m Table 14 l-d \|so shown on the table 
tor reference is ftie anticipated turnaround times lor the 2 stage ballistu ieco\erahh eoncept 
studied earlier Ihe 2-sfage wmge.l \ehiele results m lurnaiound tinu-s wlucli are loss tiian those tor 
Ihe balii^tu \elUvle 


UBS I 4.2 Personnel i arrier Vehiele 

Ihe t^ersonnei came? \eiucle pio\ideN ioi tiu tians|'»M ration th.e crews ivlween eaitli aiul low 
earth oibU Ihe \eiiicle is a deinatne ol flu; ennent Spa^c N!mule s\ ^leni whuli nivOipoiates a 
lutmd piopy'liaiit booslei m pLue oi llie Solid Kocket Hoosieis tSKB st \ s* nes burn assent nunle 
was selected and as a result a lediuwi I sternal lank tl I t piopellant load is lequMVil 

Ihe petsonnei laimcii \ehicU\ sliown m I iguiv 1 4,2 1 mcorptnates a piopaite iueieii t>\H>stei. I vlef' 
nal l ank atul S[\ue Slu.nie Orbilet Overall \ elude eeomeliv and chaiaeleristu s are sliown m Ihe 
figure The vweiall length of (>0'O m is due \o the tandem anangenu nt ralhei than the side 
mounted eoncept m the cmienl Shullle s\stem 
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Ta^ 1.4. l>9 Vdiicle Turnaround An^>*^ Summary 


Vf COf^EFT 

STAGE Of»$ 
ONLY 

INTEGRATION 
AND LAimiCH OPS 

TOTAL 

TURNAROUND 

WMNS/UrtNO 




BOOSTER 

63 HOURS 

34IKHJRS 


97 HOURS 


ORBITER 

97 HOURS 

30 HOURS 


127 HOURS 


BALLISTIC IMLLtSTtC 

— 




BOOSTER 

S3 ¥Hyun$ 


127 HOUf^ 

sMTtn STAGE 

102 mons 

30^KXJRS 

132KCHIRS 


1 ^ 
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GLOW 

2J12X10*KO 
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1,77fX10*KO 


1.MM)X10*KG 
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Figure 1.4.2'! Personnel Launch Vehicle 
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WHS 1.4.11 Vehicle Geometo 

The overtH vehicle ^nwetiy of the personnel bunch veliicle is shown on Figure 1 .4,11 . All major 
body section kKations are noted in the body station numbering system. Tlie booster stage is 
22.^ tn in length with a 8.407 m diameter at the FT interfme and a maxinium diameter of 
18.7% m. Four (4) booster engines are mounted on a 7 aK) 8 m d» uneter. Hie botislcr stage pro- 
pellant tank volumes are 1035 m ' lor LO> and 5^3 for 

The FT overall length of 3^3>3 in rctlccls the shorter length as compared to the current Shuttle FT 
dt^ to the reduction in propellant load from 703 075 kg to 547 03H kg. 

WBS 1 .4.2. 2 Bomter Sta^ 

WBS 1.4.2.23 Boi«>iler Sfi^ System I>escripii4m 

The booster stagt' subsystems include the ascent propulsion, smictures. auxiliarv propulsion system, 
theniial protection, prime |X>wer. power conversion and distribution, avionics and environmental 
contad. 

Ascent Profmbmn I he iHHvster stage is iHUvered b> four LO> engines which provide 8 523 X 

UpK ct vacuum ihutsi llu* following enpnc characteristics were used in the anahsts: 


Propellants 
I hiust - X'acmim 
i lumber Pressure 
Mixture Kjf}i> 

Specific Impulse iS I \ac ) 
Final I lovi Kate I ngmc 


C ;lls lO: 

8 523 \ lO^'X 
20 oS 5 kpa 
2 oS I 

3iM. 1 340 0 wc 

'^''Cv 5 kg Nee 


The piessuri/aUiMi gav‘s are healed 1*11^. aiul (iV)> tor the main tanks liuliMdiuI propellant delivery 
lines arc provided to c.ich engine I lie total iiunn of the ascent propulsion system is 4"* 138 kg. 

Structure Ihc pressun/ed structure and \0;> taiiKst are 2214-18'' alummum all-welded 

vomponents Hie unpressun/ed structure in ;nimanl\ (v\l-4\ titanium with graphite composites 
incorporated on the internal slruclural members Ihe mam pri'pcilant tank maxinuim design pres- 
sures, peak p!iH>f preNNures and resultant nuiNs are siunvn m I able F4 2-1 

The iinpressun/ei! Nfnu ture wasan.iK/ed for nuxmuim compressive liXitl C4>iuhtions ami the results 
are siunvn m l.ible 14 2 2. 
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TibSr I.4,2>1 CjHg BoMMr Tank Sidnf Rc«il«i 


Structural 

Element 

Maximum Des«n 
Pressure • fepa 

Maximum Proof 
Piesiure - fepa 

Typical 
Thickness - cm 

Mass ' kg 

LO^ Tank 

324S 

4.tl 6 

0.27 -0.?o 

!t^H5 

CjHg Tank 


301 3 

0.45 • 1 .27 

28818 


Table K4.2-2 Booatef Untirntmtitey StttKhite Sumg Resnills 


Slr\tctural 

Element 

Maximum I'mt 
Compressis=e Loading 

Typical 
ITuckness cm 

Mass kg 

Fomiird Skirt 

!:^30- I5S50N cm 

0 38 - 0 48 

35 1 2 

Aft Skirt 

N cm 

0 2’ - 0 30 

''*2' 

Skut 

Pressure ^ '*" 5" kpa 

0 88 - 1 lX1 

2o034 

Tlmisf Structure 

P Engine * 1 2 X lO^'N 

N A 

1 8340 


::5 
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Auxiliary Propu^on The auxiliar> propulsjon sxsieiu consists ol‘ the Ending system and reaction 
confnsl sysknn, llte landing system was si/cd to pnnid the terminal deceleration and 10 pressure’ 
fed storeable protHdlanl engines wea* selected. ITie baseline landing engine is the Aerojet Kngine 
Mi^el AJIO-.S I which uses N >04 ld>MH p*\>pellaius and has a thrust range of K'tween 2224QOK 
and 6^7200^^ The landing system dr\ mass is estimated to be 5 1^2 kg, ITte reaction control 
system (RCSI provides for sta,&^ ork niation prior to entrs and control dunng the ixvntrv , I our 
t4) sets of thrusters (4 thrusters set) are installed on the vehicle. ITte estimated mass of the Rt S 
system is 324 kg. 

Other Subsystons The remaining subsystem masses have been estimated using historical relation^ 
ships or Shuttle predicted masses. Tliesc subsxstems include thermal protection, prime power, 
power. iHwver conversion and disinbution. avionics and environmental vv-ntrol. 

WBS 1 .4, 2. 2. 2 Bm»4er Mass Characteristkrs 

The masscharactenstk ^ v't the booster retlect the results o\ a prehinmarv structural si/mg 

and the incoriHHation of historical weiglit estimating rclatumstups A mass summarv tor the ( 
himstcr is shown in fable I 4.2-3 A 1(V. mass grow th allowance has been included 

WBS I.4.2,2,3 Booster Cost Estimate 

The C\;Hg booster DO f&l ainl 1 st I nit cost eslimafes have Iven developed in a manner similar to 
that dess'ribcd in S^vtion 14 14 fhe DDIt^l and initial priHluetion cost for the booster are 
sliowii in fable 14 2 4 A DO! Af cost of 4^>H includes the basic stage design and development 
tSl .O' Bf and t^'iding, etc fhc cnimalcni of 2 > vehicles for ground lest and 2 vehicles for tlight 
test are mcludei! in tlie N\sicm test caiegor\ 

fhe tlieiMvtkai first umt t ! l i t punluction ».osi of n 2 .MM is propoitioiud as follows 


Strueuuc 

24 

Ascent fiopiiisK>n 

0* 

\v ionics 

2o 

t.Sf 

10 

thogiam Managi'incnt 

s 

Other 

\ 3 


Stmeture, ascent piopulsion and avumics account for of the initial production unit cost An 
cxtimatcd s|U 0 M lus been meludcvl in the !)|)1A! ci>sl for flight test operations. 
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l,4J-3 CiH% Boaslet SUUmmt 


Whick Element Ma^ - kg 

Structure 1^0^85) 

Foward Skirl 35 \ 2 

LOj Tank I0o85 

C^HgTank :S818 

Thrust Slructui^ 1 8340 

Aft Skirl 35^6 

Base Skirt (Indudiitg TPS * 10410 kg) *6034 


Main Pix^mtlsion ^4" 1 38> 

Fngincs ^ A ccessories 33oo^> 

Uimbal ( ontnn System 3 1 48 

Fuel System 4508 

LO'i System 5813 

Auxiliary Propulsion (5480) 


landing System 
RCS 

Prune Power 

Power C'omersion and IXslnbution 

Avtomes 

HS 

idow th i !0=^ > 


5 to' 

3:4 


Uf> Mass 


t8l5) 

1^44 1 
l85"> 
1 140^(0 
1 o4"*34 


:S4oO 
355 1 5 


Residuals and unusabies 
landing Propellant and Reserves 


Inert Mass 


:iS" 0 ') 
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Table 1. 4.2-4 3Hg Boofter ODTAE and I si Unit Production Costa 
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5Ud 

10 



sout- 

CIS 

au’40 

lAtTces 

SUPT 

015 

X 

eoo 

X 

eoo 

CNPAt 

Nu^efit 

tt3 

X 

COST 

fOOOl 


ICtAL 

0 

OOUf 

5U»S 

0 

0.00 

0 

0 

0 

0.0 



e»4eA,po4 




US 11 

sues 

0 

0.00 

0 




0 

0 
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i 

P«CC i NANAC 

X 
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y 

OolO 

0 

0 

0 
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76«e07 




t*S) T 
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Table 1. 4.2-4 (Continued) 
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• 00 
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Table 1. 4.2-4 (G>ntinued) 
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Table 1. 4.2-4 (Continued) 
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25 M fMC 
2^^ 
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2t ktS PBCSlllHfcJ 
355 L»5 


22 BCS 1*NRi 
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Tabic 1 . 4 . 2*4 (Continued) 
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Table I.4.2-4 (Continued) 
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WtSI.4,2.3 BxmmiTrnA 
WBS L4.2.3. 1 System Desoriptkm 

The current STS External Tank tET) was modified for the sews^m ^^Ikratkm. in %ldithm to 
the propellaiil *oad reducticm wh^ results in a mialler overall ET. tl^ boost Ic^s are introduced 
into the aft portkm of the LHj tank rather than in the mtertank le^m. The overall chains to the 
ET are noted on TaWe 1 .4.2-5 and tl^ esthnated changes in mass are diown. The maxv uncertiuntv 
of the changes were ^'OHinied (m as follows: 
o 5% uncertainlv' on dektkms 
o iQ^ uncertainty on additions (growth! 

WBSL4.23.2 ET Mass Chamemfistks 

The mass char^teristkrs of the ET reflect the results of iiKX^rporating the changes noted in the 
previtHis section ( 1 ,4.2 3. 1 !. A mass summary for the External Tank is diown in TaWe 1 .4,2-6. 

WBS E4.2.3.3 Et Cc^ Estimale 

The DDT&E cost estimate for the ..lodiricattons to the External Tank have been estimated to K* 
$6(M. The initial E l unit cost was determined based on a rev iew of the buttle I’ser Change Policy 
cost estimates. The Inutile User Oiange Policy identifies an El' initial unit cost of S5.4%M 
( 1975$! and subsequent units based tm a 9|* : improvement cur\c. These data were escalated to 
1977 dollars and the cost impacts due to the moditlcations assessed. The a^sult is a theoanical first 
unit cost of $4 A ^ I "r iinpnnemcnt cur\e was used to determine the cm! of additional 
units requinrd to satisfy the program acquirements. 

WBS I.4.2.4 Vrfikie Performance 


The personnel carrier vehicle perlomumce was calculated based on the following gawind rules: 
o Kennedy Space Center (KSC! was the launch site (latitude = 28.5^! 
o AV Reserves = .85^^ AV, 

o Delivery Orbit 

Altitude “ 477 km circular 
Inclination = 31^^ 
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Table 1.4.2-S ET MwttfkaioM and 
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Triik 1.4.24 Exlnnnl Tank Ma« S;ataneiit 


Structum 

LO7 Tank 
Inteituk 
LH> Tank 
Tlieinial IhtKection 
Pio|Hil^n & Medi. Sys. 
Ekctrical Sys. 

ORB Attachments 
Change Uncertainty 
ET Inert Mjbs 
U nusables 

ET Meco Mass 


KG 

21.146 

4.446 

3.276 

13.424 

1.631 

1,710 

66 

1.492 

686 

26.731 

1.530 

28.261 
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The dsictni tM^ctory characterisrios are <mmniari/Cil as I'ollows: 


T/W ignition 1.24 
Maximum Dynamic Pressure 
Maximum Acceleration = .<,0 g s 
Bum Time * 541.^ seconds 

Ttie personnel carrkrr payload perfonnance is summari/ed m Table I 4.2-'/. A net payload ot 
73 5S0 kg is delivered to the 477 orbit. The orbiter events including the suhorbifal jettison of 
the ET and the resulting vehicle mass by event aa* noted on Table L4.2-7. Hie Shuttle orbiter l^MS 
system |>erfomis the majority of the orbital maneuvers, 

WBS 1,4.15 Petsmmel Modub 

A ca*w carry ing module for transporting i^rsonnel in the Shuttle cargo bay has Ihvu defined to 
establish the mass and Civsi of this element in the l rans|H»rtation System Hic iiuhIuIc concept is 
shown in Figure 1.4 2-2. A crew si/e of 50 men per flight was baselined for purposes of this study. 
Four abreast seating on a single level was the selected arrangement I he lower level wahiKI be used 
for life supptvri equipment and bagga^v 

Mass Characteristics The mass eharaeteristics of the personnel nuHlule art' noted on I able I 4 IS, 
These arc pa'Iinunary estimates baM?d on previous study re>uU> and m house IKXD aciuities 

Cv^t Estimate A preliminary cost estimate has been deveUqvd toi the ivrsonnel huh! ule using the 
BiHMng Parametric C'osi Model tl\ M V The estimate of S I ( " >M includes ,i single gt<nind 

lest unit rite 1st unit production cost is estimated to K' 5 '4 o ’M I hese eosis vveiv develv'ped in 
the same manner as the launch vehicle costs 

WBS 1.4, 2.6 Personnel Vehicle Cost \w Flight 

The personnel vehicle cost per fight is based on the cost pe flight work bre.iUdovvn structure 
shown in Table 1 4 2-^f Ihc avenge eost flight is based on a launeh rale ot 25o flights per >ear 
amorti/ed over 14 vears ot operation total program costs less ll\e and favtlities portion 

are ineludeil in the avenge cost per flight The equivalent hardware units to s.itislv life, refurbish 
ment and replenishment s|\ires requirements are as folUnvs 
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Table 1 .4-2-7 Personnel Launch Vehicle Perfoctmace Mass Slatemeat 


1 OUY MASS 1 

VEHICLE ELEMENT 

10* KO 

woosnn 

(1SA6S) 

SntUCTUUE 

S0.S2 

THERMAL PROTECTION SYSTEM 

1M1 

UU40ING SYSTEM It RCS 


ASCENT PROPULSION 

47.14 

raiiccrovvER 

M 

POUVCR OOMV/DrST 

1.73 

€CS 

J8 

AVKWtCS 

2.74 


14.^ 

iXTCmALTAIMC 

i 24.73) 

OmiTCR 

C 48.5^ 

DRY MASS- 

(2^97) 


t ^CONO STAGE SECHiEMCE \ 

EVENT 

MASS AFTER 
EVERT 


10* KQ 

ST^MSEATMEO) 

187.29 

RESERVE 

103.M 

DIK)RET 

m72 

9ERKSEE8URM 

154.17 

A70GEE CtRORJOIIZAriOII 

148.94 

RCSTRiMI 

148JM 

CRi(^TRiM 

147.E4 

OEKQV RAYLOAD |P/L - 73 S60 kg) 

73.^ 

OEOBBITAV 

71.21 
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Table I.4-2-8 ^ w onwe l Module Mw Statement 


MiHUilc Hcmcni 

Mass - kg 

Cyhndcr iind dulkhc^ds 

25bS 

Smutiuv 

gSI 

Aivlock and l ^capc Hatches 

ITl.s 

J'unnvhmijs 

U34 

Thcmnil ProtccHon 

l'»05 

life SuiHHUt 

805 

C'lx'w and l\tuipmeiU 

T’T.TS 


I5‘*0 

Total Mass 

1 ?8‘*a 


Table 1.4.2-’* IVt>oniwl Carrier .\verajw Co.st/Fligi^f (25b PKjshts,\oar For 14 Years) 


COST BV W8S LEV6L ■ $M (197* ft 



TOTAL PBOCBAM OPERATING COST 

PROGRAM DIRECT 

PROGRA74 SUPPORT 
PRODUCTION & SPARES 

ORBITER PRODUCTION 
OHBITER SPARES 
SSME^ 

booster airerame 

aOtESTf R ENiRNES 
CREW REl ATED vUE 
EXPENOABLl HARDWARE - E T. 
TOOLING 
GROUND OPSSV^ 

GROUND OPS 

e;se spares 

PRlTPElLANT 

OTHER 

DIRECT MANPOWER 
Civil SERVICE 
SUPPORT CONTRACTOR 
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Hardware Hleinent 


luiuivaltMU Units 


C 3 H^ Booster Airframe units 

C^Hg Kngines 1 75 units 

Orbiters 10 units 

SSMH s 140 units 

ET 3584 units 


The average cost of the ten orbiters was established at S550M each. 

The average cost per flight of 51 2.61 OM includes Program Direct OSH ). Direct Manpower < 1 2'7) 
and Indirect Manpower (13 T) categories. The Program Direct element breakdown is as follows; 


Program Support 

lO. 

Production and Spares 

3(v; 

Expendable Hardware 

:o', 

Tooling 


^round Operations Systems 

2d ; 


The Direct and Indirect Manpower costs retlecl both extrapolation and modification of the Shuttle 
User charge data for the Personnel Vehicle Concept, 

WBS 1.4,3 Chemical Orbit Transfer Vehicle 

The chemical orbit transfer vehicle tOTVl is used in the satellite GFO construction concept In this 
concept, satellite components ar delivered to a LFO staging depot and then transferred to chemical 
OTV' ’s for delivery to CA O where the i.onstruclion occurs. 

Wirious types of chemical tl l v 's have been investigated in the 1 S TS study and Part 1 of the SPS 
system definition study I he results of these studies have indicated a LO"» LH ^ common stage (two 
stage) system to be the most desirable I his system will he summari/ed in the fidUnving seetions 
and is applicable to cither the photovoltaic or thermal engine satellites. 

WBS 1.4.3. 1 Conllgiiration 

The space-based common >tage OTV is a two-stage s\ teni with botli stages having identical propel- 
lant capacity as sliown m f igure 1 .4.3-1 . The first stage provides approximately 2 3 of the delta V 
requirement for boost out i>f low I arlli orbit at which piunl it is jettisumed for return io the low 
farih orbit staging depot. 
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V«-20» 



• PAYLOAD CAPADIUTY> 400,000 KG 

• OTV STARTBURfO LIAR'S - 890,000 KG 

• STAGE CHARACl ERISTICS (EACH 

• PROPELLANT " 415,000 KG 

• INERTS “?n,000 KG 

(INCLUDING NONIMPULSE PROPELLANT) 

• 289 OTV FLIGHTS PER SATELLITE 


Figure 1 .4.3- 1 Space Based Common Stage OTV GEO Construction 
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Tlie second stage completes the boost from low Earth orbit as well as the remainder of the other 
delta V requirements to plate the payload at GEO and also provides the required delta V to return 
the stage to the LEO staging depot. Subsystems for each stage are identical in des»gn approach. 

The priniaiV diffeamce is the use of foui engines in the first stage due to thrustdo-weight n‘qiure- 
ments A!.o the second stage requires aduitional auxiliary propulsion due to its man uvering 
requiromeatf including docking of the payload to the constaiction base at GEO. The vehicle has 
been sized to deliver a payload of 400 COO kilograms. As a result. Uic stage startbum mass without 
payload is approximately 8^0 000 kilograms with the vehicle having an overall length of 56 lu^ners. 

WBS 1.4 J. 2 Subsystems 

Structure and Mechanisms 

Main propellant containers are vvelded aluminum with integral stiffening as required to carry 
loads. Intertank, forward and aft skirts, and thrust structures employ graphite epoxy composites. 
An Apollo Soyu/ type docking system is provided at the front end of each stage for docking with. 
pa\ loads, refueling tankers and orbital bases. The stagedo-stage docking system provides for dvvk- 
ing the stages together with flight loads carried through fullniiameter stmetures. Propellant transfer 
connections allow either stage to be fueled independently with the stages cither separated or docked 
together. Structure of the two stages is identical to the extent practicable. 

Main Propulsion 

Main engines are based on shuttle engine technology, operating \>ith a staged-eombustion cveie at 
20 Mn/m* (3(K)0 psia) chamber pressure, a LO^ LH^ mixture ratio of 5.5 to I .O and a retractable 
no/zic with extension expansion area ratio of 400 providing a specific impulse of 4’'0 seconds 
Advanced low NPSH pumps are used to minimize feed pressures. A 6 degree square gimbal pattern 
is employed. The engines are capable of operating in a tank head idle tlHL mode tpumps not turn- 
ing: mixed-phase propellants) for chill -down and sol f-u 11 aging at a specific impulse of 350 seconds; 
(>0 seconds Umte) in self-ullaging mode is assumci. needed pnor to bootstrapping to full thrust. 
Throttling between tank-he.id idle and full thrust is not required Main propellant p«cssuri/,ition is 
derived [vmx engine tap off after an onboard helium prepressun/ation. 


Auxiliary Propulsion 

Auxiliary propulsion is used for attitude control and low delta maneuvers during coast periods 
and ) terminal docking maneuvers. An independent LO^ system is used and ;’‘ro\ides an Isp 
of 3T5 seconds averaged over pulsing and steadv stale operating modes. I'hrusters are mounted ’ 
quad packages analogous to the Apollo Service Module installaMon. Each quad has its own propel- 
lant supply to facilitate change out. Auxiliary propulsion for the two stages uses common tech- 
nology but capacities and thruo levels are tailored. 
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Etfctncai Power 

Piimaiy clecrric power is provided by cells based on diuUie techn<^ogy, tailored to the OTV 
requirement. Reactants are stored in vacuum-jacketed pressure vessels. Product water is assumed 
retained onboard to minimize payload contaiminatiiKi potential. Ni-Cad batteries are emplc^ed for 
peaking ind smoothing. 28 V DC power is rough-regulakd and filtered with fine regulation pro- 
vided by power using subsystems as neeckd. A potential inert mass saving (not assumed I would use 
low pressure reactants provided from main propellant tanks. Klectric power systems for the two 
st^s are identical except for reactant capacity and harnesses. 

Avionics 

Avionics functions include onSoard autemomous guidance and navigation, data management, and 
S-band tdcmetr>^ and command communications. Navigation employes Earth horizon, star and Sun 
sensors with an advanced high performance inertial measurement system. Cross-strapped LSI com- 
puters provide required computational capability including data management, contre^ and configu- 
ratiem control. The c«nmand and telemetrv^ sy stem employes remote-addressable data busing and 
its own multiplexing. Although the avionics systems in the two sta^s are identical, software for 
each stage is tailored ti> the stage functiems. 


Thermal /Em ironmental Control 

Main propellant tanks are insulate ’ by aluminized mylar multilayer insulations contained within a 
purge bag- Ttie insulation system is helium purged on the ground and during Earth launch, tnvi- 
ronmeniai control of the avionics systems is accomplished using scmi-activc louvea’d radiators and 
cold plates. Active fluid lixyps and radiators are required for the fi.el cell systems Supcralloy metal 
base heat shields are employed to protect the base amas from recirculating engine plume gas, 

WBS 1 .4.3.3 Performance 


Performance chara* teristics associated with the common stagx' LO^ LHs OT\' arc shown in Figure 
1 .4.3-2. Propellant requirements arc shown as a function of the payload return and delivery capa- 
bility. Pcrfomiance ground niles used in these parametrics are as follows lvalues arc main 
propellant quantities): 
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TOTAL PRO^f LLANT RCOUIRIO {tO* Kf) 



o 1 HI nuHic 


Sif! 1 100 kg per star! 

Sli? ' 50 kg |H‘r start 

o Sft>p Joss Stg I 20 kg 

Stg: 10 kg 

o Iknloll rate o kg hr each slagi." 

o Burnout mass scaling enualions: 

Stg I 5450 kg + 0 0550? WF| + 0 I ':> WIN 

Stg: 5S00kg + 0 055l? WP| +0!7:>WP2 

Where WPj aiul WP^ are mam and auxiliary propellant capacities a‘specti\ely 
o Stage X' ot 0>>5 

0 Staling base* at 4^^ km. 51 degrees 

WBSI.4.5 4 Mass 

Siiinmars le%el mass estimates aa' pres<‘nled in lahle 14 5-1 lor the niected satellite OW \ 
weight gaiwth factor o! 10 . was iiNod rather than 1 5 aN m I SI S hash'd on the ludgment that the 
SPS I (>s I H > Orv would be a mtcoiuI i^*neraiion vehicle Mass eslimates for the systenu retlect 
tlK* design approach previoush dessrilx'd 

WBS 1 .4.5,5 Xlbtsion ProOk^ ai^ Plifdil OperatHms 

1 ypical orbit transfer ofvrations from I bO to til O for the coiiiinoii stage lM \ are illustiated m 

I igure 1 4 5‘5 Hie niauuify of the della N b>r btH^sImg fioiii I I t' is provided In Stage I Stage I 
tlien separates and returns \o itu* staging ilepot hallowing an elliptical return pluecmg orbit Stage ' 
ciuiipictcs tile Ih'onI aiul puls tlic payload into a id O tianstei and phasing orlut. as well jn miccling. 
ttic paylo.ut inli' td i^ and pcilonnuig the tenmnaf rendc/\ous nianeuvei with the id i> constnic* 
titui ha^e I \>llow ing renunal iM the fxiyload. stage : use> lwt> pninarv Inniis m reluming to the 
I I i> staging de|H>t V ilelailed mission pn^file iiulicaling events, tune and della \ is presented in 
l able 14 5 : 

A total mission fmielnu' for each stage is prestmted in I igme I 4 5 4 Alh'w mg approximaieh eight 
hours lor lefiieling and returb results tn 40 hours elapsed tune IxMore a gixen Stage I can Iv reused 
A typical Stage howc\er, has an elapsed tune of S5 hours IvUne reiiM' including tune for 
assembly !>c tween stages and between O I A' aiul pay load 
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TaMe 1.43*1 QwMkalOTV MMtSMoniary 


Slaw 1 (KG) Stage :(KC.> 


Struct and Mechanisms 

13,300 

14,780 

Main Propulsion 

7.090 

4,020 

Auxiliaty Propulsion 

820 

1.120 

Avionics 

300 

310 

Electrical Power 

850 

820 

Thermal Control 

1.850 

2JI0 

Weight Growth (10^-) 

2.420 

2J40 

Dr> 

26.630 

25.790 

Fuel Bias 

640 

640 

Unusabk ■.0'>/LH-* 

1.810 

1.810 

Unusable and Reserve APS 

290 

660 

Burnout 

29J70 

28.990 

Main impulse Prop 

415.000 

407.000 

APS 

2.700 

6.100 

Startbum 

447.070 

442.090 
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TaMrl.4J-2 MknonProllr 


MSSION 

fV€WT 

REOUmEO 


PROPiftSIOM 


NO. ft 

imt 

OEVTAV 

oaainor 


NAftiC 

iHRI 

M/SFC 

AUXtUARY) 

REMARIC 




1RSSIOR 


1. STANOWF 

0 

3 

A 

PROVlDESSAFE$tPARATlONO«$T4a«CC 
FM3LITV A VEHICLE 

Z PHASE 

12 

y 

A 

W IS ATTITUC^ CC^TROL 

a. COAST 


1?1ft 

ftl 

OTV FIRST STAGE SEPARATES AFTER THIS 'V 

< COAST 

O 

3 

A 

ELLIPTIC REV 

Sl WJECT 

.1 

7S0 

M 

INCtlX>ESaOM/SEC ACCULftILATEO FINITE - 
LOSS 

€w CXMST 


3 

A 

TRANSFER TO GEO 

7 . PHASE iMi 

.1 

1700 

ii 

REPRESENTATIVE FOR 15® PHASING 

ft. PHASE 

23 

3 

A 


ft TPI 

ITERUMNAt PHA^ 
IMtTIATKM} 

.1 

5S 

M 

INCLUDES IS NtfSEC OVER KXAL TO ALLOW FOR 
CORRECTIONS 

TO. RENDEZVOUS 

2 

10 

A 

tPt ASSLHftEDTOOCCVmWiTHINSOKM OF TARGET 

11. DOCK 

1 

10 

A 


1Z WAIT 

ft 

0 

- 

ASSUME U OOCICEO 

1ft STAMfXH^T 

A 

3 

A 


M. KmSiT 

A 

1820 

M 


1ft COAST 

S.4 

10 

A 

TR/^f€RTOLEO 

1ft ?HAS€ IN.KCT 

,1 

23SS 

m 


1ft PHASE 

12 

3 

A 

0H6IT PERIGEE AT STAGING BASE ALTITUDE 

1ft TPI 

.1 

SO 

M 


1ft RENDEZVOiS 

2 

20 

A 


20. DOCK 

1 

to 

A 


21. RESERVE 

• 

1^ 

M 

2% OF STAGE MAIN PROPULSION V BUDGET 



FIRST stage RECOVERV I 

1. COAST 

ft2 

30 

A 

AV TO CC^RECT DIFFERENTIAL NODAL REGRESSION 
BETWEEN COAST ORBIT ANO STAGING BASE 

Z. PHASE tN.^CT 

,1 

1645 

M 

ELLIPTIC CmBil ■ PERIGEE AT STAGING BASE ALT, 

4. TPI 

12 

3 

A 

ALTITUDE CONTROL 

3L phase 

.1 

SO 

M 


& RENDEZVOUS 

2 

20 

A 


& DOCK 

1 

10 

A 


7. RESERVE 

- 

85 


2% Of STAGE MAIN PROPULSION V BUDGET 
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STAGE 1 
ILOWrEfU 


q STANDBY - WAITING FOR NCX)E CROSSING 
yX?ST A COA ST 

I inject into phasing orbit 

I RENDEZVOUS & DOCK WITH STAGING DEPOT 

1 REFURB & REFUEL 

r»SEPARATE 

H STAGE 2/PAYLOAD 


COAST 


STAGE 2 
(U>PER} 


INJ ECT INT O GEO TRANSFER ORBIT 

INJECT GEO PHASING ORBIT 
‘ RENDEZVOUS & DOCK AT CONST BASE 

BURN ^COAST ^ PAYLOAD 


-COAST 


RENDEZVOUS & DOCK AT STAGING OETOT 

REFUR8, REFUEL. ASSY 


F^inc t.4.3-4 Chemical OTV Fl^t Operation Tunrime 
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With the indicated tumaroiwd times tor each sia^' of m O I V, o is pi^ssiNe to estahhsh the total 
stags fleet si/c ts slumn m t ii^ife 1.4 o-S. I1ie first two bars aa* .^^xiatcd with the first Ol\ 
fli^t. At the enu of appa^xiautCTy I ^ hc< s the second or upix^r stage tlUt setsaralcs from the ftrst 
(lower) sta^ (LI). The first stage completes its operations ami !s avaitable in time for the third 
OTV' llight. The first upper stage finishes its mission and is available for anothet iliglu at the eiul of 
appioximatciy 85 hours whfch allows it to K’ used tm the flight scheduled for the fifth dav With 
operaiums comiucted m this manner and the requireincnis for %me Ol V thght rx'r day for five 
consecutive da\ s per week icorrcsptmds to launch vehicle iV|vraiionst a totai of lAo lower and finir 
upper stages are rei|iitred in the fleet la order to cvmduct day to day operjlums OfH'ruted m this 
manner, as many as m\ mUependenily o|vratuig stars's can 8c m flight a! .^ie tin»e during the 
construction of each saldhlc 

WBSI.4.3.b Cast 

DDIl cost for the cinnimm sta^' I (>2 I *1^ O V\ w ith a start burn nuiss of ^K)000 kg is estimated 
at S^50 nullitm i h)"" dollars^ Ixisr'd on cost p;oainetncs deveu^ped m tue I STSA studs The 
average I f f cost for the iwi* sUgc> is estimated at 58 ' million 1 doUaiM again using TSI SA 
parametovs 

cost per fught lof ihc I (3j I OTV is hascJ on the following frtHind rules 
o Space Based LO^ TH^ i ominon Stage 
o StailNirn Stage M.t-%s of 445 k kg 
o Sta&‘ n T i s8:M 1 IMf irsi 
o :80OlA I hehtsIVf Salelutr 
o 4 S^udhtes ('<>nNiiuc!cd IVr > e.tf 
14 ^eal Progiam l;fc 
o 5u : ht lKs:gn I lie 

o SUige » c.imiig t acfoi ol 0.88 
o H>' I ff Hulk ( v'st of 80 J v) per Kg 
o Spares I »|ual 5i> tO Operational I nits 


The maioitlx rU these ground rules are selfH'xpianatorv However, several nuMit further e\ plana 
lion rtie 2Su fij' lHs \oi the orbi? o vdueie is the luiiuber required toi vme s.iLcllite. A 14 

year pii'giam iuis been as>umed ior the orbit liansfei vehicle, 'inee K^vond tV q point in time \l is 
gcneralh .issumed that a diftercut geiu'iation vd \ntMt t^ansJet vehi\.le w<>uld be develotVvL A 50- 
flight design life lias !\ en assuffunl for the s| ace bascil orbit transfer Vi'hu le This value is bash'd on 
the MSM l ug Suuiv which assuined 50 uses for a grv'und Kised svstem. Assuming that the STS 
Ol \ IS a seeotui generatuni vehicle. il was assumed 50 uses coultl be proiceted Uu a space bascil 
system 
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Based on the above ground rules a total of o24 stages lun|x*r and lower) are required a'sulting in an 
average stage cost of approximately S3! mili>oit. Cost per for a complete two sta^' OTV w as 
estimated as S2 .26 million with the following breakdown, 
o Operational Units SI.24M 

o Propellant $0.40M 

o Spares SO. 62M 

WBS 1. 4.3.7 Crew Rotatiem /Resupply Tran^mtation System 

The crew rotation resupply OTV for a photovoltaic or thennal engine satellite constructed in either 
LTO or (d o makes use of a common stage LO^/ LH^ OTV\ Tlie system description of this OTV is 
essentially the same as for the GtO constniction OTV, although the si/e of the system does vary 
with its application. 

Tile complete crew rotation resupply transportation system required for a photovoltaic satellite in 
presented in Figure I 4.3'6. In the case of LFO construction, the crew rotation resupply concept 
involves rotation all of the personnel (75 ) at the Gl O base c\<.ry days and p;oviding supplies for 
^ days. As a a*sult, the OTV has a startburn mass of 4^5 OCX) kg. 

Should the satellite be ct'nstructcd in (iHO. the same OTV as used to deliver the satellite compo* 
nents iscmpUwed. As a result, a crew rotation resupply flight is flown once a month involving 
160 personnel ami supplies for 480 people am! 30 days. Accordingly . the OT\’ has a startburn mass 
of 890 000 kg 

WBS F4.4 SPS -Installed Orbit Transfer Systems 
WBS Dictionary^ 

SPS installed orbit transfer systems include ali hardware, software, and cimsumabics installed on 
SPS modules to equip them for orbit transfer fiv ni LFO to (.1 (T. There are eiglU sets o\ this equips 
ment in the current preferR'd concept as the SPS is transferred in eight modules. 
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• CnmfCMOO TO GEO 

• 2 STAGE L02aH20TV 

• LEOCC^HSTOTV 

• WS»49S000Ki 

• <^OraN$TOTV 

• W$-890 WOK% 



• CARGO. RROR & OTV*i 

• 2 STAGE BALLISTIC 


OTV'i 




Fipiie 1.43*6 Ciew Rotation/Resui^ly Tran^iorUition 
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Description 

The configuration arrungcinctU and characteristics of t!io system elements used in the transfer of 
each satellite module arc sliown in figure 1,4 4 1. l i e general ehaiacteristicN indicate a 5 • over- 
suing of the satellite to compensate for the radiation degradation Kveurring during passage through 
the Van Allen K'lt and the inability to anneal out all of the damage after reaching iifO. ( I his ovr* 
sizing is reflected in the satellite descnptionf It should also be emphasuod at this point, onh the 
arrays needed to prov id*' the acquired power for transfer aa deployed. The remainder of arra\ s are 
stowed within radiation prov>f containers. C ost optimum trip tunes and l^p values arc respectively 
180 days and ?A)(K) seconds. 

Thruster modules are located *t four cornei^ of the module provide the most effectnc iluusc 
vector ami satislX control aquuements. f urther discussion of the thruster module ts provided later 
in this section. A two avis gimbal system correctly positions the panel Installation of the tlmi>tc! 
module approviinatcly 500 meters from the satellite m eonjunetion with gimbal limits prevents high 
veKvity ions from mipmging on the Sviteilitc and causing erosion Propellant tanks for tb.e tlmisters 
have been located at the center of the satellite module and at the lower surface to pro\ide a more 
desirable inertia characlerisiic (the dommatmg factor in the amount i>f graviis gradient torque t 
Radiators dissipate the waste heat from the power processurg units 

Flight control of the module wtien tl> ing a Pf P attitude vluring transfer lesidts in lar v gravity 
gradient torques at several positions m eacii rexolution. Rather than provide the entire control 
capability with eleetnc thrusters which are quite evpenMse. the electric sVNtem is si/ed onl\ for 
the opliimim transfer time with the additional required tlmisi provided by fO>l 11> thrusters 
I he performance penaltv for this approach o actuallv quite small by the time kilometer 

altitude Is reached tlie gravitv giadienl tr^riiue is no longer a dvmi mating force. 

fhe mass charaetensfics of the eleetnc propulsion system elements are direclh ptr^portionai to the 
mass of the pa\ load being tniiisfe nvd tor tlie case i>f lived trip time and l.^p. C opsei|uentl\ . the 
modules transporting tlic .unennas require CimsideraNv more OI S hardware and ptopeilant Ihe 
total mass ol the satellite is approvimaieK liH) million kg An o\er>i/mg of 5 peieeni has been 
mehukvi to compensate foi the nabilitv to cvmipleteK anneal out all the damage to the cells caused 
b> radiation ivcmnng during transfer and for the mismatch m Vvdiage output between the damaged 
ami undamaged cells Ihe sUucUnal design includes modulantv and oveiM/mg Additonal vertical 
members are used around the penmeter of the satellite nuHiule. lateral beams are used at the end of 
Ihe nuHiules and the structure ptovides for the nansfer of the 15 million kg antenna (mcludes 
growth^ supported underneath the module ilt should be lu^tcd that all module struclmc has been 
M/ed to that dictated b\ the mv>duIos usCii to transfer the antenna ) fhe ]>ower distribution penalty 
IS relilted to the iUidiiuMui! length of bus Ciiiised bv the oversi/mg tlie iU.av t he tvUal mass 
penally for a I fO eonstiucted satellite is approviniiitelv 4 ' imllivm kg for the selected self power 
iraiisport.ition svstem it s|u ild be noted tli.it the .iirav ovetsi/mg and pv>vvet viistribution f'cnah^ 
depend on the partkul.u perUn inance cli.nacieMstics selected for the self povver sv stem 
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ORRJINAL PAQfi is 
CMP POOR QUAI/Wy 







NO 

ANTCNNA 

PANEL SIZE: HxJSm 

NO. THRUSTERS: SCO 


WITH 

ANTENNA 

48xb7m 

1680 


CENERAL CHARACTERISTICS 

• 6% OVERSIZING mADIATH^) 

• TRIP TIME* 180 days 

• tSP-TOOOSEC 


MODULE 

CHARACTERISTICS 

NO 

ANTENNA 

WITH 

ANTENNA 


NO. MODULES 

6 

2 

• 

MODULE MASS (lO^KGI 

8.7 

2X7 

• 

POWER RED'D OO^Kw) 

as 

a8i 


ARRAY % 

13 

36 

• 

OTS DRY (lO^KO) 

1.1 

2.9 

# 

ARGON IIO^KG) 

2.0 

6.6 

• 

LO2/LH2 no®KG( 

1.0 

2.8 

• 

ELEC THRUST IIO^N) 

4.5 

12.2 

• 

CHCM THRUST (lO^N) 

12.0 

5.0 


Figure 1. 4.4-1 Self Power Configuration Photovoltaic Satellite 
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Subsystem descriptions may be focnd in Volume 5 of the Part II final report. 

Mass 

Table 1. 4.4-1 presents a mass summar%^ for the orbit transfer systems. 

C<^t 

Table 1. 4.4-2 presents a cost summary for the orbit transfer system. This summar>^ is based on the 
costing details presented in Volume 6 of the Part II Final Report. 

WBS 1 .4.5 Launch Facilities 

The launch facilities and equipment reqiiirc.nents for the SPS cargo and personnel vehicle are 
identified in the following paragraphs. 

2-Stage Winged Cargo Vehicle Launch Facilities 

An estimate of the launch facility requirements to support the one satellite year SPS installation 
rate (400 flights/year) has been developed. Three (3) launch pads are required to support the 
400 flight per year launch rate. Potential locations of these launch pads at Kennedy Space Center 
are showm on Figure 1.4.5- 1. The areas shown arc north of the current Pad 3^A and 3^B locations. 
This urea was proposed originally in the Saturn/Apollo program for additional launch pads. 

A preliminary estimate of the launch site facility and equipment cost for the SPS launch vehic 
is shown in Table 1.4.5-i. The major facility items are identified and a "ROM'* cost estimate 
provided for each element. The cost of facilities is estimated to be S3055M and the launch site 
unique ground support equipment lOSl > is an additional S3“^2M for a grand total of S3382M. 
The booster and orbiter processing facilities are approximately 2 3 of the total facility cost. The 
launch site C'»SH is the additional equipment required at the site and does nut include stage unique 
GSt. 

Personnel Vehicle Launch Facility 

The personnel vehicle concept is a Shuttle derivative vehicle, and as a result a large portion of the 
Shuttle facilities equipment can be used. The modifications additional re<iuired are those associ- 
ated with the ballistic recoverable liquid booster. Retrieval of the first stage liquid booster is 
accomplished by recovering the stage onboard a speciali/ed siiip for transit to port, attaching pro- 
tective devices, and then towing the stage to the Vertical Assembiy Building ( V AB) for processing. 
In the first dock area of llic VAB, a ZOO-ton stiff leg derrick will be instalk'd to lift the stage from 
the water and install it on the transporter. The area selected lAr performing maintenance and 
checkout of the liquid booster stage is in a VAB liigh bay. Work storage stands will be required to 
proce.ss the boosters and these stands will he located so that the existing 250 ton crane can be used. 


258 



D180-2407M 


Table 1. 4.4*1 Orbit Transfer System Mass Summary 



ITEM 
& UNIT 

NUMBER 

NUMBER 

TOTAL 

TOTAL 

ALL-UP 

WBS# 

MASS 

(NO ANT) 

(W/ANT) 

(NO ANT) 

(W/ANT^ 

TOTAL 

1.4.4 

OTS 

(6 ) 

(2 ) 

Z377,942 

6,268,784 



SYSTEM 

MODULES 

MODULES 


(2.844) 


1.4.4.1 

THRUSTER 

4 

4 

(1,078) 


26,805 X 10^ 


PANEL 





(12.159) 

1.4A.1.1 

PANEL STRUC 

17 

45 

26,180 

69,300 

295,680 


(1540 LB) 



(11.875) 

(31.43) 

(134) 

1.44.1.2 

THRUSTERS 

2;S84 

6,^ 

262,268 

b91,510 

2,957,000 


(110 LB) 



(119.0) 

(313.7) 

(1341) 

1.4.4, 1.3 

PROCESSORS 

34 

90 

620,928 

1,637,200 

7 X 10® 


m,2Z0 LB) 



(281.7) 

(742.6) 

(3175) 

1.4.4.1.4 

SWITCHGEAR 

170 

449 

112.400 

296,361 

1,267,00^ 


(660 LB) 



(51) 

(134.4) 

(574.8) 

1.4.4.1.5 

INTERRUPTER 

2,384 

6,286 

119,213 

314,323 

1,3d'^ 0 


(50 LB) 



(54) 

(1426) 

(606.O 

1.4.4.16 

INTERRUPTER 

2,384 

6,286 

4.769 

12,573 

53,757 


(2 LB) 



(2.16) 

(5.7) 

(24.4) 

1.4.4.1.7 

CABLING 



25,546 

67,355 

287,^3 


(1500 LB) 



(11.6) 

(30.6) 

(130.6) 

1.4.4.1.8 

INSTRUM. 



3,406 

8,891 

38,398 


(2(H) LB) 



(1.54) 

(4.0“^) 

(17.4) 

1.4.4.1.9 

PROP. SYS. 

17 

45 

155,146 

673,545 

287,^3 


(1500 LB) 



(11.6) 

(30.6) 

(130.6) 

1. 4.4.2 

THRUST 

4 

4 

17,485 

46,101 

197,109 


FRAME 
(6,160 LB)* 



(7.9) 

(?0.9) 

(89.4) 

1. 4.4.3 

GIMBAL 

4 

4 

17,485 

46.101 

197,109 


ASSY 
(6,160 LB) 



(7.9) 

;?o.9) 

(89.4) 

1.4.4.4 

COMPUTER 

4 

4 

400 

400 

3.200 


(100 LB) 



U8) 

(.18) 

(T45) 

1 4.4.5 

COMMUNIC. 

4 

4 

400 

400 

3,200 


(100 LB) 



( 18) 

(.18) 

(1.45) 
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Table I.4.4-I Coetiiiued 


1.4.4J 

OTAMOOFF 

4 

4 

28,384 

74.838 

319,981 


STR 

IIOlOeOLBI 



(12.87) 

(33.9) 

(145) 

1.4,4.? 

ARGON TANICS 

4 

4 

113,936 

299.3K 

1.279,925 


140,000 IBP 



K1SI 

(135.8) 

(581) 

l.4./.t 

LO 2 TANKS 

4 

4 

45,414 

119,741 

511.970 


(10.0G0 



(20.6) 

(54.3) 

(232) 

1.4.4.9 

LH^ TANKS 

4 

4 

28.384 

74.838 

319.981 


(10,000 LBP 



(1^87) 

(33.9) 

(145) 

1.4.4.10 

racmttANT 

4 

4 

28.384 

74,838 

319.981 


SYS. 

(10,000 LBI* 



(1^871 

(33.9) 

(145) 

1.4A11 

CHE9L 

12 

12 

8,519 

22.452 

vS.994 


THRUSTERS 



(3.86) 

(iai8) 

143.5) 

1.4.4.12 

TCS/ 

34 

90 

295,648 

779 520 

3.332.926 


RADIATOR 



(134) 

(353.61 

(1.512) 

1.4.4.13 

PWRDISTR 

4 

4 

593,651 

1,568,252 

7.692.411 


(41,8301* 



(2^3) 

(710) 

(3.036) 


■VALUE IS BASED ON 4 EQUAL MODULES. 


•VALUE IS BASED ON 4 '^QOAL MODULES. 
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Table t.4.4-2 Srif-^ww Orbit Transfer System filature Imfaistry Cost &timate (1 9S/YR) 


ITEM& 

MASS 

(LSI 

mmKns 
OF imiTS 

MATURE 
INCH^TRY 
• 1^6/YR 
(80TSI 

S/KC 

OT5 SYSTEM 


i.^.ieo 




69.436 


OTS 


1.m724 


THRUSTER 

PANEL 

(13;S32.000) 


790.432 


PANEL STRUC 
(1S40 LB) 

192 

17.583 

$131 

THRUSTERS 
(110 LBS) 

26,880 

m.752 

$ 96 

PROCESSORS 
(18^ LBS) 

384 


$ 7S 

SWITCHGEAR 
(660 LBS) 

1,920 

183.903 

$320 

INTCRRUPTER 

(S?L8S) 

26.880 

79.197 

$130 

INTERRUPTER 
(2 LBS) 

26.880 

5.193 

$212 

CABLING 
(1500 LBS) 

192 

95.901 

$734 

INSTRINM 
(200 LK) 

192 

26.^ 

1524 

PROP SYS 
<1500 LBS) 

192 

•0.725 

82 
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TaMr 1. 4.4-2 (Coa toued ) 


%imh 

MASS 

(L6I 

NUMBERS 
OF IMITS 

MATURE 
INOI^TRY 
#1^S/YR 
16 OTS) 

S/KG 

THRIFT FfUMy^ 
16160 LKI 

32 

^.120 

S260 

GMBAL^^Y 
16160 LBSI 

32 

133,000 

$1487 

OMFUTER 
C100 L8SI 

32 

27,415 

18.000 

ammmn: 

1100 L6S) 

32 

19,2^ 

13,000 

STMIOOFF STR 
(10,000 L8SI 

32 

34.907 

2^ 

ARGCMi m 
(40,000 L6S) 

32 

76.164 

131 

LC^TI^ 
(16.000 LKI 

37 

34.784 

1^ 

LMj TAS 
(10,0C0 LBS) 

32 

23.271 

160 

TANK I^^UL 

16 

15.159 

2 

PRC^ SYS 
(10.000 LB&) 

32 

16.160 

111 

CHFM THR 
(1000 LBS) 

96 

1.4^ 


TCS/RAD 
(^30 LF^) 

384 

156.22S 

103 

WR ni :TR 
(41.630 kBS) 

160 

37.362 

12 


;o: 




Figure 1 .4.5-1 Puleniinl Launch Pad Locaiiunt at KS(- for SPS Launch Vehicle 
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Trtfe 1 .4.5*1 Launch Sle Facility /Eqnipmfit Rcqmstmtmts md Cost 


ITai 


WliT 

QUANTITY ^ 


LAUilCI^II/ERKTtm S 

LAUMCH SITE INSTAtLATIONS 7 

LMmmc(mmoL€^inn \ 

otmr^npmx^s^m^MnuTf i 

MwrFiiraoc^ss«i6rMm.mr i 

iUMfllEfi^aiC^iU)^^ milLONiu 1 

HM)KLuyiTsnmA^imTs 12 

MkLnOMS. flCNOlS, PARICIIiG €TC. M/A 


FAC4UTY SUBTOTAL 


112 

m 

1S6 

944 

im 

176 

a 

12 


rm STATtONS^-tXMM. A INTlRf ACE EOllPIdENT 192 0.25 

LAUiiOl SITE 3 93 


G$€ SUBTOTAL 

TOTAL (FACILITY A GSE) « 


TOTAL 

C<^T 

$M 

336 

196 

11^ 

944 

1125 

176 

12 


3tm 

48 

279 


327 


S3382M 


164 



D180-2407M 


The facililks and equipment required to support the personnel vehicle hiunch operations are iden- 
tified in Table I.4.5-2 along with the associated "ROM" cost estimate. The total cost is $*?7.6M for 
both the facility and equipment. 

H'BS 1.4.6 PropeUmt Production and Delivery Systems 

WBS Dicttonaiy 

This element im-ludes all pro|vllant productimi and delivery system elements except those elements 
described under WBS 1.4.5. Launch L'acilities- 

Desciiption 

No effort has been expended on this element under this contract. 

WBS 1.4.7 Operations and Support 
WBS Dictionary 

Lhi-s element is included m the W BS to allow for any transportation oi'erations and support not 
provided under individual vehicles or under WBS 1 .0 '. Space TralTic ( ontrol. ITiis element h.i> not 
been defined. 


Table 1 .4.5-2 Lminch Facibties and brpiipinent Fw The Personnel Lauttch Vehkie 



Cmi ESTIMATt 

-^SM 

AREAS OR ITEMS REQUIRED 

FACILITIES 

ECHIIFMENT 

PORT FACILITIES AND EfXJIPMENT 

0.4 

1.2 

RECOVERY SHIP 

30.0 

- 

MOBILE LAUNCHER PLATFORM 

200 

60 

VERTICAL ASSENULY BLOG. 

10.6 

13,7 

LAUNCH PAD 

13? 

04 

OTHER SUPPORT FACILITIES & EQUIPMENT 

0.4 

1.2 

TOTALS 

75.1 

22.5 
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ymEmns eace blamc not fd-ms) 

APPENDIX A 

SIZE SENSITIVITY ANALT’SIS 

A size wnsitivity design model was constructed uang the ISAIAH methodology. The first nin of 
the model optimized power transmitter aitd rectenna sizes at the ncnninal power level of approx- 
imately S. 000 megawatts per link. Results are shown in Figure At -I . The new results, although 
executed in somewhat mote detail than earlier results, confirmed the earlier estimates that the opti- 
mum recetnna aze is 3/4 of the trananitted beam diameter and that the optimum trananitter size 
is in the vicinity of 1 .4 kilomete.s. However, transmitter sizes lamr than nn kilometer violate the 
peak beam intensity limit of 23 millowatts per centimeter sq>.>ared. Therefore thv ocst system uses 
a 1 kilometer transmitter and a rectenna diameter 3/4 of the beam diameter. 

Figure A I -2 shows a joint optimization of transmitter diameter and power levei holding the rec- 
tenna size constant at the optimum value. As the system power level is reduced it is po^ible to 
employ somewhat larger transmitting antennas without violating the 23 mw/cm- limit. Transmitter 
diameters larger than 1 .4 kilometers do not pay off; the minimum system cost in dollars per kilo- 
watt follows along the 23 mw/cm^ limit to about 2500 megawatts and then follows up the 1 .4 kilo 
meter diameter trananitter curve. Note that comparatively little cost penalty Is incurred going 
down as low as 3000 mepwatts of grid power. Below 3,000 megawatts the system cost in dollars 
per kilowatt begins to turn up rapidly. 

The model was also used to investigate sensitivity of SPS costs to solar cell efTlciency and blanket 
costs. Results are shown in Rgure A I -3. The cost of power includes capital cost aiiiortization with 
a 15** annual capital charge, and a 92'^c plant factor. Mass and cost values inciud; 26'? growth 
allowances respectively. 

The size sensitivity model consisted of 37 designer selected variables and 95 computed variables. 

A complete design point was generated for eachsensitivity point analyzed. 

Table AI-1 (72 pp. total) is a listing of design point parameters for each point investigated in the 
size sensitivity runs. 
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CONSTANT BLANKET MASS/ABEA - 427g/m2 
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7.261E403 
7.472E407 


N2 C 

RN C 

ra 

DO 

OB 


NESAHATT 
KN C 

N2 t 

mi/CN2 
IN/CH2 
NEGAWATT 
BAYS 
BAYS 

N2 C 

NETERS 

XN2 

GN 

6W 

ANPS 

ANPS 

NEGANATT 

HEGAUATT 

NEGANATT 

PER SUB 
RN/N2 
PER ANT 
N2 < 


4*1942483 ACRES 
4*2142*81 NS 


8.1892408 NI 
3.1702404 ACRES 


1*8122492 ACRES 


I.694E484 ACRES 


I 

I 


1 

I 


} 


> 
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DI80>24071 I 


OJfUGINAL PAG^ 

Tri>leAl-| (CoBtiMMd) ^ fO(^ (^AliW 


sr 

9tA« ANT THtANAi 9Mt 

• 1.945E^5t 

RN^l 





52 

OUTPUT 

> I.582E«59 

SN/tIMR 





55 

6910 PONCt 

• 2.S27€«99 

M TOTAL 





54 

iAHo AiiA PC# tcer 

• 1.515€^95 

N2 

i 

4,7015454 

ACR5S 

1 

55 

•T* NON 3P INCtTlA 

• 2.542E^il 

RG-N2 





54 

TH9UST P€R COtNSt 

« 2 I51E40I 

NENTONS 

i 

4.5051450 

IB 

1 

57 

»UIN8f5 OF TN5U5TF9S 

• 2.l5lf«il 

PER INST 





55 

COHTROt P0U89 

• 2.758E^ei 

NEGANATT 





55 

ANHUAl PROPCLIAHT 

» 5.514E^99 

TONS 

1 

I.579E4C4 

LON 

) 

49 

STRUCTUaE flASS 

• l,408E«^95 

TONS 

« 

5.I04C494 

LBN 

1 

41 

CONTROL SY5 HASS 

• 4«57IE*9l 

TONS 

c 

I.974E4QS 

lOH 

1 

42 

SOLAR 5LAHICET HASS 

• l.9^0E^04 

TONS 

i 

2.549E407 

LBH 

1 

41 

POUER DISTR HASS 

• l.S8SE^92 

TONS 

1 

5.515E49S 

LBN 

1 

44 

HECH 4 ELEC R/J HASS 

• 7*547E*0l 

TONS 

c 

1,4485405 

LBN 

1 

45 

ANT STRUC HASS 

• S.OOGE^O? 

TONS 

1 

1,1025404 

LBH 

1 

44 

ANI NAVE6UI0E HASS 

• 4.5I4E4^05 

TONS 

( 

5.51IE404 

LBH 

) 

47 

AHT RLTSTRON HASS 

• 5.452E4^85 

TONS 

f 

7.455E404 

LBH 

) 

45 

ANT CONTROL CRTS HASS 

« 2.715E+02 

TONS 

c 

S.582E4QS 

LBH 

I 

45 

AHT PNR 9ISTR HASS 

• 5.75SE482 

TONS 

( 

5.547E4QS 

LBH 

1 

79 

ANT PNR PR0C4TC HASS 

• l.2S5E«^85 

TONS 

( 

2,774E4Q4 

LBH 

> 

71 

ANT HASS 

• I.822E^04 

TONS 

( 

2 2S2E407 

LBH 

1 

72 

STRUCTURE COST 

• 7.655E-82 

5ULHNI 





75 

CONTROL STS COST 

• 2.I52E-02 

BILLION 





74 

SOLAR BLANRET COST 

• 5.774E-01 

BILLION 





75 

POIIER DISTR COST 

• 5.511E-05 

BILLION 





74 

HECHAILEC R/J COST 

• I.S85E-02 

BILLION 





77 

ANT STRUC COST 

» 5.48SE-BI 

BILLION 





75 

AHT NAVE6UI0E COST 

« 2*Sdd£>Dl 

BILLION 





75 

ANT RtVSTROM COST 

• l*S85E-0l 

BILLION 





59 

ANT CONTROL CRTS COST 

« 5,550E-02 

BILLION 





51 

ANT PUR OISTR COST 

• 4.055E-02 

BILLION 





52 

ANT PMR PROC&TC COST 

• 8.488E-Q2 

BILLION 





51 

AHT COST 

* 5,540C-Q1 

BILLION 





54 

NO OF FREIGHT FLIGHTS 

• 5.545C^8I 






as 

CREW SERVICE NO OF FITS 

• 5.454E«00 






84 

OTS COST 

* 2*474E-0I 

BILLION 





57 

TOTAL TRANSP COST 

• 2.4e^E^OO 

BILLION 





85 

RECTENNA COST 

^ 4.451E^OO 

BILLION 





85 

CONSTRUCTION COST 

« 3,4iaE>8l 

BILLION 





to 

INTEREST DURING CONSTR 

• 4,574E-0l 

BILLION 





51 

latitude area FACTOR 

« 1.4l$e«Q0 






52 

toial mass 

■ 2,84SE^04 

TONS 

c 

4.275E407 

LPH 

} 

55 

total cost 

« I.101E«^QI 

BILLION 





54 

COST/RME 

• 4.554E+05 

% 





55 

cost/knh 

■ 8,057E^0l 

HILLS 
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Dia0^2407M 


Table Al t 

Rotey lofait Pow»» 2136 Kkfiwatte 


AMTaHtta aiAtifri:A 
satuTioN tesutTs 

* I iiaNT iMeuT em€i€MY » 

a H€T eiu £Fri€IEMCt • 

a iASIC COHVEiSim CfFY • 

A aiANtCT rACtOtS 
s aus i-SQ*a 

A ittT EHftSY C0NV crry 
r AtEAHISE CrflClCNCY » 

a AMTCNHA aOMEt DISTi EEfY « 

» NET &C-tE EFM€IEHCY * 

19 tOEAl &EAN ETriClENCt « 

11 NET 9EAH EmCIENCy 

12 INTEACEet EEMCIEHCY » 

IS eECTENNA aF-8€ EFFlCtEM • 

lA NET er LINK EFFV • 

1$ DC-10-DC EEFICIEHCV • 

U OC-TO-GAID EFFICIENCY • 

17 OYEAAIL PHYSICAL EFFY • 

18 AREA EFFECTIVE EFFY « 

If 8LANKET AtEA « 

28 ANTENNA D|A 

21 REQUfPED StDELOBE SMPP8 

22 TAPER REQUIRED FOR St $11 > 

2S TRANSftlTTER POWER TAPER • 

2A RECEIVER AVG/PEAK RATIO » 

2S XHTR AVG/PEAR RATIO 

24 BEAN SPREAD FACTOR « 

27 RADIATED RF POWER « 

28 BEAN DIAHETER » 

2f BEAN AREA • 

50 AVERAGE BEAN POWER OEHS • 

51 PEAK BEAN INTENSITY » 

52 POWER IN NAIH BEAN « 

SS SATELLITE LENGTH • 

SA HUHBER OF BAYS » 

SS XHTR PWR DISTR LOSS • 

S4 ADJ BAY USEFUL AREA » 

S7 BAY SIZE • 

SB SPS AREA • 

Sf HEAN SOLAR INSOLATION 

40 SOLAR CELL OUTPUT « 

41 ROTARY JOINT CURRENT ••A" ■ 

42 ROTARY JOINT CURRENT ’•B" • 

4s total processed power « 

44 TOTAL KLVSTRON INPUT 

45 total klystron OUTPUT * 

46 NUNBER of klystrons « 

47 HAX KLYSTRON PACKING DEN » 

48 HAK RF POWER DENSITY « 

4f NUHBER OF SUBARRAYS « 

50 RECTENNA AREA * 


VAIMC • I.288E4B0 


B.sm-Bl 


I.40IE-0I 


laiOE-oi 


f .3ffE-8l 


f «BS4E-0I 


I.240E-0I 


f a4f£**0l 


f .f42E-0l 


8.S40E-01 


f asoE-oi 


a.fssE-oi 


f .S12E-0I 


8.840E-0I 


a,S48E*0l 


4.I49E-01 


S.f84E-0l 


7.5S7E-82 


7«044E-02 


2*50TE^07 

N2 

I.200E400 

KN 

l.fl2Et01 

08 

2.SI2E400 

DB 

I.OOOE^Ol 

D8 

2.04IE’OI 


saofE-oi 


l.4S0E^00 


l.782E^05 

NEGANATT 

lafSE^Oi 

KN 

f .472E407 

N2 

1 asAE^oo 


a.ITSE^OO 

NW/CN2 

I.SfSE^OS 

NEGAWATT 

7.450E^OO 

BAYS 

A.IZOE^OI 

BAYS 

S.8SSE-0S 


4.0f4E^05 

H2 

4a00E'r02 

NETERS 

2a8lE + 01 

KN2 

3.623E^0l 

GW 

4. SSSE^OO 

GW 

S. 377E^04 

AMPS 

1 ,963F.404 

AMPS 

6.40£E'^02 

HEGAUATT 

4.2S6E^0S 

MEGAWATT 

3.617E^03 

NtGANATT 

5,OZ4£^04 


6.053E^0O 

PER SUB 

4.030E^0Q 

KW/N2 

1 ,045E*04 

PER ANT 

5. S26E*07 

N2 


C 4at4E^8S ACRES 

f 7,457E-ai NI 


C 4«B24E^00 NI 

C 2.S40EA04 ACRES 


i I,012£^02 ACRES 


I I.S17E^04 ACRES 


I 

) 


I 

} 


) 


> 
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D180-2407M 


TkbleAl-1 (CMtlMied) 


0RK5INAL PAGE © 
W POOK QUALHY 


il 

^t4K 4NT TMiiMi Mt 

• 7.48SF-8I 

AII/H2 






0€ OytHIT ^OliOi 

• I,4I8€^88 

GH/LINIt 






ytio Hiyit 

« 2.SS4i^90 

ON TOTAL 





S4 

lAHO 4K£4 ^£i t€€T 

• I.444i^e8 

H2 

C 

8*4288484 

ACIlii 

1 

SS 

•t* mn Of iHitTiA 

• 2.842f^l4 

R6*H2 





S4 

THiUST flA COtHii 

• 2.13U40I 

NENTONS 

f 

4.fQ4t«88 

LB 

1 

%r 

NUH880 Of THmTtiS 

« t.UU^SI 

FEt INST 





ss 

CONTAOi fOUiO 

« 2«748E^8I 

HEGANATT 





5f 

ANNOAl fRQffUAHI 

« 8.944E408 

TONS 

( 

l*978t«84 

LBH 

) 

40 

STRUCTUfcl HASS 

• 1.408E^84 

TONS 

( 

4.104E^84 

LBH 

1 

41 

CuNltOl SYS HASS 

• 4.8711401 

TONS 

< 

1.874E40S 

LBH 

1 

42 

SQIAR 81ANAC? HASS 

• 1.070E404 

TONS 

t 

2*440E^07 

LBH 

1 

44 

fOHCO DISTO HASS 

• I.S0SC402 

TONS 

< 

4.4I8E98S 

LBH 

) 

44 

HECH 4 £LfC t/J HASS 

• 8.9071401 

TONS 

c 

I.9fAt^05 

LBH 

7 

4S 

AH? %19tUC HASS 

• 7.200E402 

TONS 

c 

1,5871404 

LBH 

> 

44 

aHT HAYEGUIOf HASS 

» 4.2121404 

TONS 

i 

l.478E^07 

^ BH 

) 

4T 

AM? KlYSTROM HASS 

• 4.492E404 

TONS 

< 

7.498E404 

LBH 

> 

48 

ANT COHTROl CATS HASS 

• 2.714l*02 

TONS 

< 

S.98IE405 

LBH 

1 

4t 

ANT fMt DISTO HASS 

• 4.S82E402 

TONS 

( 

1.01014^04 

LBH 

> 

TO 

ANT HMR fOQCATC HASS 

• 1.259E^04 

TONS 

c 

2.7T4E404 

LBH 

1 

Tl 

ANT HASS 

• 1.24IE404 

TONS 

i 

2.74AE407 

LBH 

1 

72 

STRUClUOr COST 

• 7.049E-02 

8ILL10N 





#4 

CONTiOl SYS COST 

• 2.1921*02 

8ILLI0H 





74 

SOLA* BIANAIT COST 

« 8.774E-DI 

SIlLtON 





75 

fONfO DISTA COST 

* 4.9I4E-04 

8ILL10N 





74 

HfCMACtfC t/J COST 

• I.870E-02 

81LLIDN 





77 

ANT STRUC COST 

• 4.4281-01 

SIILION 





78 

ANT MAVfCUlDf COST 

• 4.727E-01 

8ULION 





75 

AKT AiYSTRON COST 

• 1.589E-01 

8ILL10N 





80 

ANT CQNTROl CATS COST 

■ 5.989E-02 

81LLI0N 





81 

AHT PNit DISTR COST 

• 4.949E-02 

BILLION 





82 

AHT PNR ftOCATC COST 

« a.488E*02 

BILLION 





84 

ANT COST 

• 1.091E400 

BUUON 





84 

HO Of TiClONT FLIGHTS 

• l.094E^02 






85 

CRCM SCRYICE NO Of FITS 

• 4.254E400 






84 

OTS COST 

• 2.944E-01 

BILLION 





87 

TOTAL TRANSP COST 

• 2.798E^00 

BILLION 





83 

RECTENNA COST 

« 4.U0E400 

BILLION 





89 

CONSTifUCTION COST 

■ 4.752E-01 

BILLION 





90 

IHURESI DURING CQNSTt 

> 4.4Q9E-01 

BILLION 





91 

LATITUDE AREA FACTOR 

» 1.419E400 






92 

TOTAL HASS 

• 4*124E404 

TONS 

i 

4.892E407 

LBH 

) 

9 4 

total cost 

• I.OIOE^OI 

BILLION 





94 

cost/isnl 

• 4.9S0E404 

4 





95 

COST/KHM 

« 7.442E^0l 

HILLS 
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0180 - 2^11 


Tri4eAl-l (Coiitmed) 
Rotaiy Somt 2136 


MltmUk dlANETEt VALUE - I.AUOE^QO 

SOLUTim tESULTS 


I LICHT INPUT EmCIEHCV 
t NET CELL EFFICIENCV 
i iASiC CONVERSICHI EFFV 
A BLANKET EACTOBS 
% BUS l-SQ*B 
B NET ENERGY CONV EFFY 
7 AREAWtSE EFFICIENCY 
B ANTENNA PONER DISTR EFFY 
t NET DC*tr EFFICIENCY 
IB IDEAL BEAN EFFICIENCY 
It NET BEAN EFFICIENCY 
IB INTERCEPT EFFICIENCY 
1$ RECTENMA RF-DC EFFICIENC 
lA NET RF LINK EFFY 
IS OC*TO-DC EFFICIENCY 
lA DC-T0>UR1D EFFICIENCY 
17 OVERALL PHYSICAL EFFY 
IB AREA EFFECTIVE EFFY 
IS BLANKET AREA 
BB antenna DIA 

21 REQUIRED SIDELOBE SUPPR 

22 TAPER REQUIRED FOR SL SU 
21 TRANSHITTER POHER TAPER 
2A RECEIVER AVG/PEAL RATIO 
2S XHTR AVG/PEAK RATIO 

24 BEAH SPREAD FACTOR 
27 RADIATED RF PONER 
2B BEAH DIAHETER 

25 BEAH AREA 

SB AVERAGE BEAH PONER DENS 

51 PEAK BEAH INTENSITY 

52 PONER IN HAIN BEAH 
SS SATELLITE LENGTH 
S4 NUHBER OF BAYS 

Sj XHTR pur DISTR LOSS 

54 ADJ BAY USEFUL AREA 
S7 BAY SIZE 

SB SPS AREA 

55 HEAN SOLAR INSOLATION 

40 SOLAR CELL OUTPUT 

41 ROTARY JOINT CURRENT •A’* 

42 ROTARY JOINT CURRENT "B" 
4S TOTAL PROCESSED ''ONER 

44 TOTAL KLYSTRON *NPUT 

45 TOTAL KLYSTRON OUTPUT 

44 NUMBER OF KLYSTRONS 

47 HAX KLYSTRON PACKING DEN 
40 HAX RF PONER DENSITY 

45 NUMBER OF CUBARRAVS 
50 RECTENNA ARKA 


8.57SE-BI 

l*4BIE-OI 

I.S40F*0I 

S.SSSE-Ol 

S.054E*01 

I.24BE-B1 

S.S4SE-0I 

S.972E-81 

B.S4S£»01 

S.458E-0I 

8.S5SE-0I 

S*SI2E-BI 

&.07|E-*0t 

a.S4i.E-8t 

4.I8SE-01 

5.9SaE-01 

7*554E-02 

7.042E-B2 

2*507E4Q7 N2 C 4.1S4E4BS ACRES I 

.I.AOBE^OO KH { B.70BE-OI N1 ) 

2.847E«01 DB 
4.44SE«00 DB 
I eSQE^Ol DB 
2.04IE-81 
3.70YE-0I 
I .45QE + 00 

l*70SE40S HEGANATT 

S.AUE^OO KH ( 5.B4SE^80 HI I 

4.959E«07 H2 ( 1.720E^04 ACRES ) 

2.295E^00 HN/CH2 
I.IlAEtOl MN/CH2 
I .597E403 MEGAN' iT 
7.450E^OO BAV'^ 

4.120E*0l B YS 
2.761E-05 

4.096E«8S H2 ( I*0I2E>82 ACRES ) 

A,600E^02 METERS 

2*461E«0I KH2 

S.628E^0i GN 

4.335E^0U GW 

3.374E+04 AMPS 

I ,981E^04 AMPS 

4.408E^02 HEGANATT 

4.260E^03 HEGANATT 

S.421E*03 HEGANATT 

5,029E+0A 

4.452E+00 PER SUB 

2.964E+00 KN/H2 

I . A23E^Q4 PER ANT 

3.914E4^07 M2 ( 9.472E<i^03 ACRES ) 
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D1SIK2407M 


TaMeAM (C^ntteed) 


51 aCAS AMf fttftllAi mm 

%2 K PIN^B 

$1 stia raiiit 
SA iAN& AtiA PCt t€€T 
55 -y non m titctTiA 
SA TNCUSr PCS COtWEt 
57 ItUIISCS or iNtOSTEIS 
5S CQNftui f^miEt 
$f ANHUAl PAGPELiANr 

40 STtUCTUtE NASS 

41 CUNftOi StfS NASS 

42 SOlAt SLANAET NASS 
45 P3ar« 0IST* HASS 

44 HECN A lire U^J NASS 

45 ANT %^muC HASS 

4A AN? NAVr&ylOC NASS 
47 AHf Ki¥SfSON HASS 
45 ANT CONTtOi CATS NASS 
ANT NHlw OISTt NASS 

70 ANI PSOCATC NASS 

71 ANI NASS 

7^ SfAtICTUtE COST 
75 COHTtOl SVS COS? 

74 SOIAA 9LANAIT COST 

75 rOUIA DiSIfi COST 
74 NtCMStltC ft/J COST 
77 ANI STtUC COST 

76 ANI NAVCOUlOE COST 
^5 ANT AIVSTEON COST 

50 ANT CONTtOi CATS COST 
81 ANT Pyt DiSIt COST 

52 ANT P80CATC COST 

55 ANT COST 

54 NO or rt^iGHi rtiGNTS 
3* ctfH >ftvicc NO or riTS 

54 OIS COSI 

57 TOIAl TtANS" COST 
AS tfCItNNa cUST 

55 CONSItUCfiON COST 

98 IHTftCST DUEINO CONSTA 

91 lAflTUDi ASEA EACTO* 

92 UlTAL NASS 
95 TOfAt COST 

94 COST/AUE 

95 COST AkM 


S.4««f*51 511^2 
I.12IE«0« GH/LIN5 
2.S42E400 ON T07AC 
9,a72E*87 N2 I 

2.542C«I5 50-N2 
2.I5I£«8I NEHTmiS < 
2.1AIE««l NEK INST 
2.755E«8I NCGAHATT 


5.954E4t8 TONS I 
t.40^E^85 TONS t 
4.57:r#0l TONS I 
|.S?8E«04 TONS f 
I *S84f *82 TOMS I 
1,02SE *82 TONS < 
9.588£«82 TONS C 
5,4SSC*05 TONS € 
5.49SE*05 tons I 
2.7I4E*82 IONS < 
4.IS8t»82 TONS I 
1.2591*85 TONS C 
T.S85E«84 TUNS ( 


7.859E->©2 OlitllNI 
2.192E-82 iliilON 
5.774E-8I BiiilON 
5.909E-85 SlillON 
2.152E-82 BILLION 
5,797£-ei BIlitON 
5.875C-81 BiLltON 
1 .5981-01 Bill ION 
S.99SC-02 BILLION 
4.4741-82 BUilOH 
5.43SE-62 BIlilOH 
l.24QE«88 BILLION 
l.2!2E*02 
4 . 925! *08 
5.255L-8I BILLION 
3.0251*88 BILLION 
2 ^SIE*00 BILLION 
4. 1571-01 BItUON 
4.I45E-0I BILLION 
1 .4i9t*00 

3.4441*84 TONS C 

9.5551*88 BILLION 
5.5351*05 f 
7.1531*01 HILLS 


2.459E484 ACtES I 

A*f0U9tB it I 


1.070E904 EM I 
5.|04E«O4 L0N I 
|.074E^OS L0N I 
2.540E407 E0N | 
5.5ISE*8S L0N I 
2.2S9E48S L0H I 
2.I41E*84 LiN I 
I .8441*87 LBN > 
^.784E«^0* LBN I 
5.957E«^0S LBN I 
1.5421*84 LBN > 
2.7741*04 LBN I 
5.5241*07 LBN 1 


?.457E^07 LBN 5 


2^5 



DIS0-2407M 


TaMeAM (Contia^l 
Mm fawm ^ 2136 M 


MiTMM aiMffit vAtat • i*aote«M 

aoittfim tisatra 


I iiaiiT iNraT (^ficiei^v 
a Utl CC i CfMCIEIICV 
S MSIC vOHVCt$UHI ffFV 
a itAHKCT EACTOtS 
$ aus i>sa-t 
a HEt eOHV CFfV 

7 AECAItlSE CfriCUMCV 
a AHUNHA PONCt ©ISf» 

f air aC'tf efmcicncv 
ta lacAt acAH cFMCiEiKy 

II NET BEAK CrflCIENCV 
17 INftSCCPT irESClCNCV 
15 tEC'CHHA tr-ac rrricui^ 
lA NEi ar liNA (rrv 
IS DC-IO-BC irEICUMCY 

14 B€-IO-GtlB EiriCUHCY 

\7 OVEBAIL BHVSICAl CFfY 
la AECA EFFCCriVC EffY 
if aiAHECT AtCA 
79 AHfCNaA DIA 
71 tlOiJIBEO SIOCiOBI SUBBB 
77 lAfEV AlOaitEO FDA Si Stt 
75 TEAnSflltfCA FOUCA TAFEB 

74 AECCIVCA AVS/PIAK tAflO 

75 Ante Ava/PCAA aatio 

74 BEAM srftCAD FAC TOR 
77 RADIAIED Rf POWCt 

75 5€An DIAHEICR 
79 BIAB 4R(A 

59 AViRAGi BEAfI fOUER OEMS 
5t peae beah intensity 
57 POk(R IN NAIN BEAN 
55 SAIEli I TE lEHOTH 

54 HUnaCR OF BAYS 

55 AfflR PNR OCSIR loss 
5A ADJ SAY USEfUl ARIA 
\7 RAY >I7E 

55 SPS AREA 

59 ni %H SOI AS INSCUATION 
49 SOlAR cm 0UIPOI 
4t ROFASV JOINT CURRENT •A* 
47 ROTAS? JOINT CURRENT *B* 
45 TOIAE PROCrsSiD POWER 

44 lOTAl lUVSIRON INPUT 

45 TOTAl KIVSTRON OUTPUT 

44 NUMBER Of riVSIRONS 

47 H4X KIVSTPON PACKING PEN 

45 nkx sr roNiR pensity 

49 NUNBIR Of SUBARRAYS 
59 RfCUNNA AREA 


a.sm*ai 

i.itu-ai 

I.549C-BI 

9.599e-9l 

9.BS4f-9t 

l.74tE-9l 

9,54fE-0l 

9.94iE'0l 

5.544E-^9I 

9.4S9£*9I 

B.YSSE-at 

9*S17E'91 

e.91it*0| 

5. 545E-91 
4,787E-81 
4.67tE-91 
7 Sd4E-07 
7,690€-97 

7.SG7E*07 N7 i 4.194EA95 ACRES I 

l«499E#09 tN I 9.947E-91 Nt I 

?.147E*^01 OB 
4.475E«90 08 
l.B08€«91 OB 
7.041191 
5.9091 91 
I .4S0E#09 

I . 73:C*05 NEOANATT 

5.7341*00 %n t S.liaE^OO NT } 

S.S73E*C? «7 i I.5I7E«94 ACRES > 

7.9941*00 NII^C«7 
I NI4/CH7 

I .S94C *95 HEGAUATT 
7.4S01#00 BAYS 
4.17«H*D1 BAYS 
3. 4 i ’E OS 

4. CYfet*0S 117 C t.ai7E497 ACRES T 

4. 4001 *U,’ Pi HRS 

7.4^11 *0f AN7 

5.4:*^^l •31 v-« 

A. %SSi *00 Cki 

5, 5?’4E*D4 A«PS 
1.95>F*04 ANPS 
4.4031 ♦07 HEGAUATT 
'..7S7C*D3 HIGANATT 
5.4l4i*a5 HEGANATT 
S.074E *04 
5.4?I4E^00 per sub 
7,7431*00 RN/H7 
1.3S9E*0<t PER ANT 

7.99’E*07 H7 t 7,40SE*C5 ACRES > 
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TaMeAM (Omttoucdt 


II ataic AMT fNitMi aiMI 

« ac mrw 

SI saia aoact 

SA iAM AtCA aft ttCT 

5 S -V- ao« er ihcitia 

THSUST aft COtNft 

51 IHIHtft OF TMtUSTftS 

sa coHTtoi aouft 

Sf AHHUkL atOafLlANT 
A9 STSyCTUif NASS 
A1 CONTiOL SYS NASS 
A2 sot Aft BiAHCff NASS 
AS rOliCft DISTft NASS 
AA NCCN A ElEC ft^4 MASS 
AS AMI %%ftW NASS 
AA AHT yAVCCUlDt NASS 
A? ANI KiVSfftON NASS 
AS ANT COMIAOl CATS NASS 
A* AHT aUB DtStt NASS 
79 aN? PHft PftOCATC NASS 
71 ANT HASS 
7^ STftUCTUtE COST 
75 COHTtnt SYS COST 

74 SOlAg BlANAf? COST 

7 5 POUtn OlSTt COST 
7 A HECMStlCC k/J COST 
77 ANT STBUC COST 

79 AHT NAYEGUIOE COS I 
79 AHT ftlVSTftON COST 
sa ANT JON^COl CATS COST 
81 ANT Pyft OlSTt COST 

5 2 AHT fAOCATC COST 

S 5 ANT COST 

84 NO OF FBriCHT FllSNTS 

85 Ctm SttViCt NO OF FITS 
84 OIS COST 

87 lOTAt TftANSP COST 
83 BECTENNA COST 
39 CONSTBUCriDN COST 

90 iNItBESI DUBTN& CONStI 

91 LATITUDE AftCA FACTOt 
9 C lOTAl HAsS 

V5 total cost 

94 C 0 ST/AI 4 t 

95 COST/ANH 


• A.ISAf<9l KH^NB 

« l,SBAt«99 M/ilHft 

« B.S7BC999 OH TCfAt 

• 7 SS8C«97 NB C 

• B.aABf^ll ft6*MB 

» B.I81f*9l NfHTONS C 

• B.I8U«8I PFt INST 

• B . 758E^01 HEOAIIATT 

• a.95Af«99 TONS I 

• l.4dSE*9l TONS € 

• 4.87IC«8t TONS I 

• I.079€«94 tons C 

• t.S8S€^9B TONS C 

» I.I59O0B TONS « 

• l*BaO£«B5 TONS i 

• l.|Q4€^94 TONS ( 

« 5.493£#05 TONS ( 

« B.7l4F#0B IONS ( 

» 7.B94f#9B TONS i 

• l.BSfC^Oi IONS i 

« l.£C7C#04 TONS < 

• 7.959E-0B aillICNi 

« B*i97£-0B ailtlON 

• 8.774E'6I ailliON 

• J.92CE-05 ailllON 

• B.455E-0B 8IIL10N 

• l.99B£*0l SlLLtON 

• A.ABAE'Ot ailLION 

• 1.539E-0I BILIION 

« 5.99U-07 8UL10N 

• 7. 789E“0B 8!U ION 

• 8.A88E-DB 8ILLI0N 

« T*445E*00 BILLION 

• l,545f#02 

« 7 . i35F *00 

« 3.A08L-DI BiLilON 

- 5.780E*a9 BILLION 

» 1 .87EE*08 BILLION 

• 4,AIIE-0I BILLION 

• A.195E-0I BILLION 

• l.414r*aO 

« 5.847E 04 TONS i 

• 9.91AL*00 BILLION 

• 5-S5SE*05 t 

» 7.IA5E*0I hills 



i.BAa€»9a i^tfs I 

A.99S€«B9 ii ) 


tBN } 
S.IBAf^OA LBN I 
I.974E40S LBN I 
B.3A9f^97 LBN ) 
S.3l7f»05 LBN 5 
B.554E*05 LBN I 
B.SBBE^dA LBN } 
B,455f^©7 LBN I 
7,781f*QA LBN I 
S,985r*GS LBN I 
I.S88f«9A LBN } 
B.7TAE OA LBN 5 
S.985i^07 LBN I 


8.A7U«07 LBN ) 
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TtUeAI4 t Cimti Mi rt I 
R^iir Mm • 213» 



MITINN* SlMCTtC 

YAIM « I.MBifBB 



MiQTim tisttita 






1 

iisat? iiM»«? ifficifMf 

• 

B.S?fi-BI 




a 

i^t Ciii trfic'iMCv 

m 

l.4Bli*BI 




1 

iast€ tW9tttiw ffrY 

• 

l*l4Bi*BI 





•laNtc? raciois 

* 

f 




1 

MS l-S9^C 

• 

f .BS4E-BI 




« 

HIT EtiCtSY CMY iEfY 

« 

l.tABE-BI 




1 

aCEMIlSi cmCtEMCY 

B 

f .l4fE at 




• 

aitflltHa rOMCfi 0IST9 EErY 

• 

f ,fS4E-B| 





HIT 0€-ftr tFriClEMY 

m 

B.|l4i-BI 




19 

iacil BI4H IfFICUtiCY 

m 

f .4SdE-ai 




II 

MET BCatl EFMCIEIiCY 

m 

B.fSSi^BI 




It 

iHUtCEBT fmCtlNCY 

m 

f ,$ltt-8| 




II 

BECTiKNI tF-0C IFFlCIEt^ 

• 

B.ftlE-Bt 




14 

ml «F ilNI EFFY 

m 

B.ISSE-tl 




II 

0C-1O-0C EFMCIEItCY 

m 

4.t8TC>BI 




u 

B€“ irricUi^Y 

m 

4.etlE-il 




1? 

0VCt4ii rHYSICIi EFFY 

m 

?.saiE-ft 




19 

Aid EFFECTIYC EFFY 

m 

T.BfBC-Bt 




If 

BiANEET AiEA 

m 

t,SOT|#OT 

Nt 1 

«.|f4E«BI 

ACttS 

tf 

ANTENNA DIA 

m 

1 .aeBE«oa 

if* t 

i.iiye«ob 

N| 

tl 

iEQytSfB SlBCiOBC SUBit 

• 

t.tE4f«i| 

BB 




TAnt iCQuiiiB FOi Si sy 


a. iTDEtOB 

BB 



tl 

TfANSNITIce rOMFi TABIt 

• 

1 .6@6E*ei 

BB 



tf 

BCCflYCt AV^^BIAE SAflO 

• 

t .OMC-tf 




ts 

ANTE AVG/PIA* tATIO 

• 

l.fDfE-dl 





BEAN SPEC AD FACTOi 

• 

1 .4SdE *8B 




t? 

iABlATCP tF PQNEi 

• 

1 , ?aai*8i 

NES9NATT 



ta 

SCAN D! Afft ItiT 

• 

T. itiE#eo 

AN ( 

4*S4ff #BB 

N| 

tf 

BIAN AtfA 

• 

4, tIDf *8/ 

NT « 

I.B4BE«B4 

ACtES 

S9 

AYEiAt;f BFAH fONEi BEHS 

• 

1. TATE *80 

NN/^CNt 



n 

PEAA BtAH INflNSlTY 

« 

! .6l'E*8l 

NliAtNt 



It 

BQ^Et IN HAtN BEAN 

m 

1 , ?4'*£«0| 

NiOANATT 



II 

SAIElllTI lENSTN 

m 

4S01 *80 

PAYS 



14 

NUNfIt Of BAYS 

m 

4. ItOI *81 

bays 



IS 

ENTi Blit OISTt loss 

m 

4,41 'I 01 




u 

ABJ BAY USEFUl At|A 

m 

4 * o«4E *as 

Nt 1 

I.BltE^Bt 

ACiES 

IT 

BAY SITE 

m 

4.400E«Dt 

NETEAS 



la 

SPS ASCA 

m 

t .45U *01 

ANt 



If 

lUAN SIHAi INSOlAftON 

m 

i.Atai^oi 

ON 



4a 

SDlAi cm DUfBUT 

m 

4 , USE *08 

ON 



41 

fiOlAEY JOINT CUiAENT "A* 

• 

1. 150t *0^ 

ANPS 



4t 

iOTAiV JOINT CUitENt 

» 

1 .fast *34 

ANPS 



41 

toiAi rAociSSEC PONCi 

m 

4 .4031 *0t 

m&ANMT 



44 

lOIAL AlVSTfON INPUT 


4 , tSTl *0 1 

NIOANATT 



4i 

TOTAI AlYSItON PUlPUl 

m 

1,41^1 *01 

ne&ahait 



44 

NU^'BCY Of AlYSTtOMS 

• 

S. O'Cl *04 




4 T 

NAY AlVSiifJN P4CHNG BIN 

• 

t - 4 ^ 1 * 0 0 

PfA SUB 



48 

NAX tf r«g|A DINSIIV 


1 . ♦00 




:4f 

NUNIItt Of SUBAAiAVS 

m 

t. isu*04 

Pit ANT 



SS 

AECtfNNA AAE A 

m 

t IfeSl *0? 

Nt 1 

S.BSIE*0| 

ACBES 



D 1 ^ 2 « 7 M 


TaUt AM KMnei) 


St NAS ANT TMftNAi MM 
S 2 aC WTfNT 
SI Mia NMSt 
ss LAna it€A Tta tset 
SS •T* imi M ItMtTtA 

$s TNtusT att catwa 
ST MHiaca Of TftaasTits 
sa ciHiTaai pmmn 

S 9 AIMflt raOTCitANT 
At STtUCltftC NASS 
At CI^TiOl STS KASS 
AT SfKAt BLAItiCAT NASS 
AI aCHl^t tlSft HASS 
AA H€CH A Ti€C MSS 
AS ANf STtUC HASS 
AA AH 1 NATCStltA HASS 
A? AHT ALYSTtm HASS 
At AHT COHTtOi CATS HASS 
At ANT Put mSTB HASS 
Tt ANT PNt TffOCATC HASS 
71 ANT HASS 
TT STBUCTUaS COST 

73 CIHITtOi STS COST 
TA SOLAS tLAHACT COST 
7 S PONES OISTt cost 

74 HECHSEIEC t/J COST 
77 ANT STSUC COST 
7 t ANT NAVE&IIIOC COST 
7 t ANT KtY<^TSON COST 
at ANT CONfSOL CKTS COST 
ai AHT PNS OISTS COST 
BZ ANT PUS P^CCATC COST 
A 3 ANT COST 

AA HO Of TSEI&HT TLISHTS 
AS CSEU SERVICE NO OF FLTS 
AA OrS COST 
AT total TSAHSP cost 
AS rectenna cost 
At CONSTRUCTION COST 
to iHTEScST DURING CONSTS 
tt LATITUDE AREA FACTOR 
t 2 TOTAL HASS 
t 3 total cost 
tA cosr/icuE 
tS COST/KUN 


• i*itsr-ai SN/H7 

« l«mSAM M/ilW 

« S.S7t€^ta M TOTAL 

• S.tTTf^tT Hr 

• 2*AA2€«1I SO*M2 

« laAtC^tl HEHTtHiS 

• 2.IS1E40I PCS INST 

« 2.73A€^0t HESAMTT 

« A.tlAC^At TMV 

« I.AOAE^eS TIHiS 

« A.A7IE40I TIHIS 

• l.t7tE«9A TONS 

« l.S0A€^02 IONS 

• |.2t3E^02 TONS 

» I.A2Q£«03 TONS 

» l*StaC^OA TONS 

« 3.AA9E^t3 TONS 

• 2.7n£«02 TONS 

• 7,370E*a2 TONS 

• l.2S9E«83 TONS 

• 2,I35E^0A TONS 

• 7.A39C-02 aULlM 

• 2.192E-02 8IILION 

« A.77AE-S1 am ION 

• 3.91AE-03 AILLION 

• 2.7I5E-02 BIU!ON 

• A.2I3E-CI . .ION 

« 8. 3SAE-U4 .LLION 

• 1.SS7C-01 BltllON 

« S,tSAE-Q2 BILLION 

• 7.tS9E- 02 BILLION 

« A*AdaE-02 BILLION 

» l.AASE^OO BltllON 

• l,A 90 E ^02 

> A.SUE«^00 

• 3.t93E-0l BILLION 

• 3.5S0E^00 BILLION 

• 1.S29E400 BILLION 

« S.ltOE-Oi BILLION 

» A,3d2E>0l BILLION 

» }.A|9E«^O0 

- *.2SS£^0A TONS 

» ' .022E«31 BILLION 

» 3.972E»03 t 

» 7.352E«8I HILLS 


t I.ATAfAtA MS€S I 

€ A.tBSfABO ii I 


C l.tTBS^BA LBH I 
C 3.ltA€«AA iSH I 
f 1*B7AE^8S LAN I 
< 2,IACE^B7 LBH I 
C 3.32tE^BS LBH T 
C 2.A5tE«0S LBH I 
C 3.571€«8A LBH ) 
€ 3.0AI£«B7 LBH T 
C 7.At2t«OA LBH I 
C S.t7A€«eS LBH I 
i I.A2SE«0A LBH > 
f 2,77A£^0A LBf: I 
C A.78SC*d7 LBH I 


( 9.3A7S^87 LBH I 
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(CimthMwt) 

RoteiyloiBtP^im»2l36lle0mtts 


SMUrtOM «£SMTS 


i iiMT iwtfT imeimY 
t Wf ecii crricteiN^ 
s MSic c^rttsiM i£rir 
% ttMtCr MCTMS 

4 •§€? kN£t&t CW? COt 
t M€4HIS€ 

4 iMitmuk. p&mn frtSTt tFry 
t m? M-tr €f£i€ifi^ir 
!• leiAl tfM €Ffl€f«^ 
it N€T iiiH FFFfCStmt 
il iHT€««Ff 

11 tECTCmiA tr-8€ IFFtCISI^ 

14 NET tr ilMX EFfV 

15 4C-TQ-BC €iMCICNC¥ 

14 K-T0-e»i9 EFriciii^y 
17 0ve44tl PH¥StCM EFF¥ 

14 4£€4 EFFECTnfC EFF7 
it tlAMXET AIIE4 

2t AKTCNIftA dI4 

tEQUltEO SSSEiOti laffi 
22 fAFCt EE^ItFd FOi Si SM 
21 TtANSniTrEt PQUCt TAFEt 

24 CECElVEt AVS/FEAi ^^T|0 

25 XHT2 AVIS/PEAK AA7I0 
SfAtl SPREAD FACTOR 

27 RADIATED RF PONER 

28 8EAH DIAHETCR 

29 8EAH area 

ID A^ERACE BEAU POWER DEWS 
SI PrAi BEAH INTEHSITY 

12 POWER Ih HA IN S£AH 
SS SATEiUTE lEWeTH 
S4 IMIHBER D~ BAYS 

3*^ THTR PMR DISTR iOSS 
S4 Ad^ 8AV AiEA 

S7 BAV SUE 
SB SPS AREA 

S9 «£AM SOIAR INSOlATtON 

40 S #lXP fU OUTPUT 

41 RpTAPy JO'HT CURRENT "A* 

42 ROTARY JJIN? CURRENT •»B’* 
4S TOTAI PROCESSED POWER 

44 fOTAl KlVSTtmi INPUT 
AS total itVSTRON OUTPUT 
44 MUH8CR KLYSTRONS 
47 NAX RiYSTRON fACRiNO BEN 
w' NAX RE POWER DEMSIT'^ 

49 NUP6ER OF SUdARRAYS 

50 RECTEHHA AREA 


l.4Blt*«l 

i.S4B€-Bi 

t.S9t€-Bt 

9.BS4E-BI 

I.24BE-0I 

t.S49€-9i 

9.94BE-BI 

B.S29€*«1 

9.4SB£-0I 

B.9S$E-#I 

9.SI2E-SI 

B.924E-01 

B.S48E*BI 

4.207E-0I 

4.028E-BI 

7.SBSE-B2 

7.089E-B2 

2. $D7E^07 N2 I 4.I94E4BS ACRES I 

.2«OOBE4dO Rll < l.24SE^B*i III I 

2.SSSE«Bl BB 

9.44SE^D0 BB 
1.0Q9E48I OB 
2.04IE-8I 
S*9S9E-0I 
|.4S8E^00 

t.779E«^eS NEBANATT 

4. «B9E40Q RN I 4.B94E4Bi NI 1 

5. %IDE»07 N2 € B«424£^BS ACRES 1 

4.472E400 NM/CII2 

2.247E^Q1 HN/CN2 
I.SYSE^BS NESANATT 
7.450E^00 BAYS 
4,I20E«0I BAYS 
5 2U€-0i 

4,094E«0S N2 t t«B12E482 ACRES ) 

4.400£^02 PETERS 
2.4&1E^01 RH2 
} 42RE«0I 6U 
4.3$*^fc#^00 ON 

3. SO- ♦04 ANPS 
I.9SSi>04 ATfPS 
6.4PSC^02 NE6AKATY 

4. ^S0E^03 ^E&ANATt 
3.4I2£^03 IN:0ANATT 
S.0J7E^P4 
2.17l€^00 PER SUB 
1.449E»08 XM/N2 
2*905E^S4 PER ANT 

l.91de«07 H2 C 4.739E403 ACRES I 
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TkMeAl-1 (CoaiiMWd) 




51 * If Hit • 

52 DC MTHI? HDlit • 

SS StID tMEt • 

54 tANO AtfA t€t tECT 

55 DOH OF iNEtTIA • 

54 TNtllST FEt COtNEt « 

ST NUHtEt or TNtySfEtt « 

St COHftOi FIHIEE » 

Sf AHHUAl FtOFEiiANT • 

40 STOUCTUtC HASS • 

41 CONTtOt SYS HASS • 

42 SOIAB BIAHEET HASS • 

41 rouCt DISft HASS « 

44 HECH A Eire R/4 NASS « 

45 AHT VBUC HASS • 

44 ANT UAVEGUtOE HASS « 

AT ANT KIYSIROH HASS « 

45 AH1 CONTROL CRTS NASS * 

A9 ant FWR DISTt HASS • 

70 ANT PMR PEOCATC HASS • 

71 ANT HASS » 

72 STRUCTURE COST • 

7f CONTROL SYS COST • 

74 SOLAR SLANAET COST « 

75 POUER OISTR COST * 

74 HECHAILEC n/4 COST • 

77 ANT STRUC COST • 

75 ANT NAVEOUTOE COST • 

7f ANT KLYSTRON COST • 

50 ANT CONTifOL CRTS COST » 

51 ANT P%i« UtSTi COST 

52 AHT PHIC PROCATC COST • 

55 ANT COST » 

44 TtO or fREISHT rilCNTS « 

65 CREk SERVICE NO Of ElTS • 
54 OTS COST * 

57 TOTAL TRANSP COST • 

56 RECT^tHNA COST • 

AY COKSTC^UCTIOH COST 

90 INTCRLST DURING CONSTR • 

91 LATITUDE AREA FACTOR » 

92 TOTAi, HASS 

95 TOTAL COST « 

7V COST/KkE • 

95 COST'KUN » 


2.454€*tl RII/N2 
l*S24E#tO 

2.572iAtt 6N TOTAL 
4.5S7E*97 H2 < 

2 542E«I5 KS-H2 
2.I5IE^5I NEHTDHS I 
2.15IE«0I PER INST 
2. 7555^51 HEGANATT 
5*954E#88 TONS f 

I«405E405 tons < 

4.57IE401 TONS C 

l.870E*84 TONS € 

S.S87E467 TONS f 

1.427E«82 TONS C 

2.880E485 TONS ( 

1.724E484 TOMS f 

3.487E40) TONS < 

2.709E482 TONS I 

5»477E407 tons C 

1.2S9E483 TONS I 

2.512E^84 TOMS i 

7.8S9E-02 BUilCNI 
2.192E-02 BILLION 
5.774E-0t 81UI0N 
S.919E-8I tmiON 
2*9 Aae^02 billion 
4.44QE-81 BItUCN 
I.C35E«S8 BUIICN 
I.5S4E-0I BllilON 
5.9daE'02 61UIGN 
9.1SSE-C4 BILLION 
S*4PSE~02 BILLION 
I.678E43Q OULIGN 
1 .457E4D2 
9*«»6V€ 4<J3 
4.4m 4L-P^ B'itlON 
7.CSJE4.00 BILLION 

i.raiE^oa dillign 
5.631€-[^| But ION 
4.495L~e| BULIOH 

4.75AE*a< TONS i 

I.B?;^4QI BULLION 
4.|&6t*J^ 4 
7.74Jf*Di hlMS 


l*195E^84 ACRES I 

4.ft5E988 Li I 


l*978iA84 lOH I 
5.IB4E484 L5H I 
l.674€^85 L5H I 
2.54eE«87 L5H I 
S.525E485 LBH ) 
5a45€4«5 LBH > 
4.489E#84 LBH I 
3.504E487 LBH ) 
7.487E484 LBH I 
5.975E48S LBH 1 
1.549E484 LBH ) 
2.7?4E»C4 LBH 1 
S.55BE48? LBH ) 


X.C44E«0B IBH ) 


2SI 



0180^24071*1 


T»MeAM (r>iMnied) 
R«i»y MmI * 3418 


MUENHA SIAmrCt 


VAitfC » t. 


merim ttwits 


l ill^T tl^T fFf icimcY 
Z net C€ti SfFSClCItCy 
I MSic cmyctsiQN cffy 

4 r^crots 
» MS 

5 MT Sliftsy CMV Ef?y 
7 stCAi^m srnc«si^Y 

a ANTCMA PC^Cft mSTft €fSt 

f *f€T »c-tr f fUfzacr 
IS ISCAi MAH S^riCICHCY 
U HST B€AH CfFlClSlftl 
12 IHfCfCCST CFr-KlM&y 
IS t%C7€l^ Sf-M CSriCIfW 

14 Mtt tF llliX FFry 

15 OC-TG-SC AFflCICHCY 

14 I^-TG*SS1G SmciEl^Y 
17 GYSlAil f^YSICAl CFFV 

15 At€A CFFCCTIYC tffiT 
19 SLAftfSCT AtSA 

Z9 ANTlNHA StA 

21 t€M!S€8 %i0^lO9Z SU^FS 

22 lAFCt iCGGIiEG TGS S;. M 
25 rtAMMUftt FWES TAFft 

24 tECetVEt AYG/KAA tSTIO 

25 Xftrt AY6/FEAX tATlO 

24 SEA?! SPSEA0 FACrOt 
27 2AGI4T£D tF fQUEt 

25 BEAU 31AHEYIA 
29 BEAU A2CA 

19 AYESAGt eeAH FGUES 

11 FEAA BCA» IH^EHSITY 

12 Pimez IN nAiN seah 
11 SAlEltlTE iEN67H 

14 NUnSEf Of BAYS 

15 XHTA>M DiSTK IGSS 

14 ADJ BAY USFrUL AlEA 
17 SAY SI2€ 

15 SPS ACEa 

59 NtAH SOlAt mSOLATlOH 
49 SOiAB EExt 04T9UT 
4| FOTAtY JOIN? CUSSeNT •A* 
42 90TA9Y JOiar ClftHEItT ’•0* 
41 TOTAt PBOCESfEO FQNER 

44 fOTAL XCYSfifOK INPUT 

45 TOTAl Kir<fUOf* OUT.'^UT 
44 «’ nSEB OF XlVSiaONS 

47 HAX AlYSTteH PACICKNC 0€N 

4s hj:x 9f Fotiea density 

49 FTU«aE8 OF SU8AF5AVS 

50 SECrENNA ASEA 


S.S79£*S1 
1.40U*91 
1*1494-91 
9*1992-91 
9*7472-91 
1.242E-91 
9.159E-91 
9.912E-91 
9.2994-91 
9. 4594-91 
9.955E-9I 
9.SI2E-01 
9.S47E-91 
S.14BE-0I 
4.I45E-01 
5.959E-9I 
7.414E-02 
4*94U-02 

4*e4lE*97 H2 I 

.|*e94E«00 ten ( 

l.9SSE«9l 09 
1.297E^90 81 
l.O0dE«Ol 09 
2 041E-01 
1.999E-91 
I.ASOS^oa 

2*S?6E«61 HC^ANATT 
I.IIBF^QI M i 

1.1<4E»8S H2 i 

I.Bi^F.ADO NN/CH2 
f*024€«89 HU/CH2 
2*54%E^01 HC6ANA7T 
l.?15E«01 BAYS 
9.8bl€vAt SAYS 
S.82U-01 

4*C94E^0i H2 C 

4.4Ca£^02 HErCBS 
4.:24£4Q| KN2 
5,SSIt«^OI ON 
4.<^9dEiOC 0U 
5.4:^IE^04 ASPS 
l,l3Yc434 An?S 
l.025*^ + 01 MEOnNATT 
4.7riitCl HE6ANATT 
f.^:^9E*C3 NEGAlfATT 
r .796E*04 
l.l&lE^Ol PE9 SUB 
K’A/H? 

7.241E^0: PER AM 
7.472E^97 H2 I 


1*SSS£494 AC9ES 

4*214€91 ni 


S.lS9€^0i 111 
1*179F«94 AesCS 


1.012f^U2 AC9ES 


l.S94««^04 ACB€S 


I 

> 


I 

1 


) 


? 
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SI PtkK ANT TN£tNAi RM 
S^ Nt MTHIT PMit 
SS MIO HHICi 
SA LANS AA€A M8 tCCT 
SS mm Of INEtTIA 

54 THROST fft COtNEt 
S7 NUHSEt Of TNKUSTEtS 
SO COHTtOt PONES 

S9 ANNOAi PftOPEilANT 
id STRUCTURE HASS 
il CSHTRQl S¥S HASS 
A2 SOiAS 81ANRET HASS 
iS PONER DISTR HASS 
ii HECH 4 ELEC 8/J HASS 
AS ANT SJtUC HASS 
ii AHT HAVESyiDE HASS 
A7 AHT iUTSTRDN HASS 
AS ANT CONTROL CRTS NASS 
if AHT PNR DISTR HASS 
«0 ANT PNi PROCtTC HASS 

71 AHT HASS 

72 STRUCTURE COST 

73 CONTROL SYS COST 
7A SOLAR SIANRET COST 
75 POWER DISTR COST 
7A HECNSELEC R/J COST 
77 ANT STROC COST 

70 ANT HAVECUIDE COST 
75 AHT ICLYSTROH COST 

00 AHT CONTROL CRTS COST 
61 AHT PWR DISTR COST 

02 AHT PWR PROCATC COST 

03 ANT COST 

01 NO Of fRElGHT fLIOHTS 
65 CREW SERVICE NO Of FLTS 

64 OTS COST 

07 TOTAL TRANSP COST 
63 RECTEHNA COST 

65 CONSTRUCTION COST 

50 INTEREST DURING CONSTR 

51 LATITUDE AREA FACTOR 

52 TOTAL HASC 

53 total COST 
COST/RIIE 

55 COST/RWM 


« I.753E400 RN/H2 

» 2.055E400 M/tiNR 

» A.073E^00 ON TOTAL 

• l.535E«t6 H2 

• A.420£^I3 K6-H2 

• 3,$21E«0I NEHTONS 

» 3.52|E«0l PER INST 

• A.4I5E^0I HE5ANATT 

• l.ii3E«6l TONS 

• 2.27DE«03 TONS 

• 7.843E^0| TONS 

• I.T2SE+e4 TONS 

» 3.506E#02 TONS 

• O.IOOE^OI TONS 

« 5.000E^02 TONS 

• A»3IiE463 TONS 

« S.S55E«03 TONS 

« A.315E^Q2 TONS 

■ i.iiAE«02 TONS 

• 2.6I5E«03 TONS 

« 1.328E«0A TONS 

• I.13SE-01 6ULI0N 

« 3.S38E-02 6ILLI0N 

> KilTE^OO 81LLI0N 

• I.016E-02 8ILLI0N 

« I,701E-02 8ULI0N 

» 3. «6SE-91 8IILI0N 

« 2.S35E-01 6ILLI0N 

« 2,525E-0l 6ILLI0N 

• 5,534E-82 8ILLI0N 

> 5.016E-02 BIllIOH 

• 1.350E-0I BILLION 

• l.liSE^QO 8ULIQN 

• |.472E^02 

« 6.A13E^00 

» 3.550E-0I BILLION 

> 3.517E«^00 BILLION 

« 4.525E+00 BILLION 

» 5*0A6E-01 BILLION 

» 8.A20E-81 BULIOH 

s l.il5E^00 

> i.207E«0A TONS 

« l.3«.aE^01 BILLION 

« 3,305E+03 $ 

« i.lSlE^Ol HILLS 


t A.7BIE+0A ACm I 

C 7.51SE«00 ii I 


C 3*160£^0i LBK 1 
C 5,e05£^64 LBH > 
f l*73iE«05 IBH ) 
C 3 BIBELOT LBH ) 
f i.il5fc«05 LBH I 
C |.784E^05 LBH > 
C ia62E^Qi LBH I 
( 5.5ll£^0i LBH } 
f l,225£407 LBH J 
< 5.522E«OS LBH 1 
( !.024E^04 LBH } 
C i.AARE^Oi LBH ) 
i 2.525E^D7 LBH I 


( 5.27iE^07 LBH ) 
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TiMeA^ l iOmtimmd) 
Rot^ Joint Fonw « 34t8 


411711014 0I4ll£T|t VAiUi » l.^OSE^^O 

SOtOTIM ttsoirs 


I iiOOT mruT sFrtcliHCt 
I otT titt rmcui^y 
I »4$tc amvitsiON crfY 
4 8L4mctT r4€T8t$ 

$ 80$ l-so^i 
$ H€T rKE4Sy CONY £777 

7 48£40I$£ CfFICUItCY 

8 4HT€NH4 F80Et 8ISTt SFfY 
$ H€t 8C-RF emCUNCY 

)8 SDC41 4E4H £fflCI£NCY 
tl MCT 8CA« CFFICIFHCY 
12 |t#t£8C£PT CFFtCICNCY 
IS fi€CT£HN4 «F«OC FffICtCHC 

14 NCr 8f ilNK SrFY 

15 0c-to-iic erricuHCY 
l« DC-I0-S4ID £FnCl£M''Y 
17 OVFKALl fHYStCAi £FFY 
<8 44£A EFFfCTtVE CFFY 
15 BLAHICiT AR€4 

28 AHTiHHA DIA 
72 teQUItlO 5ID£ID8£ SUFM 
22 TAPES teQUISED FOB ti $0 
2S 7«AWSM1TT€4 POtt£t TAPit 

24 RCCClVEt AVe/P£AIC ftATtO 

25 Xttlt AVG/PEAA tATIQ 

24 BEAM S'^SCAB FACTOR 
27 tAOIATCO SF PO^Ct 
2d BEAU DIAHETE8 

25 BFaH area 

50 4YCR4CE B£AH FOUFR D£OS 

51 PEAR B£AM IHTENSITY 

52 POUER {H MAIN BEAN 
35 SATFlllTE lENGTH 

54 NUrtBCS wf BAYS 

55 7HTR PUR DISTft LOSS 

54 AOJ BAY USEFUl AREA 
S7 BAY Sr2€ 

?d SPS AREA 

55 MEAN SOIAR lUSOlATlOH 

40 SOvAR CEU- OUTPUT 

41 ROTARY JOINT CURRENT "A*^ 

42 ROTARY JOINT CURRENT •8*' 
45 TOTAl PROCESSED POWER 

44 TOTAl AlYSTRON INPUT 

45 TOTAL KLYSTRON OUTPUT 
44 NUHBER OF KLYSTRONS 

47 max klystron PACKING DEN 

48 MAX RF POWER DENSITY 

49 HUMBER OF SUSARRAYS 

50 RiCTENNA AREA 


8.S79E-0I 

|.48I€'IU 

2.540E-0I 

9,599E-8l 

9*7474-01 

l.248E'0l 

9,5S7E-0l 

9,9tlE-0l 

8.298E-^0I 

9*4SDE-0| 

8*955E*0I 

9.5I2E-0I 

6*904E-ai 

8*S48E*ei 

4. U8E-0I 
5.9a3E-01 
7.445E-Q2 
4.989E*02 

4.047E407 «2 i l.808E^04 ACRES > 

.1.200E*00 KN ( 7.457E-6I HI I 

2.2l4£«ei D8 
5.724E^S0 08 
l.OOOE^Ol DB 
2*041E-81 
5.909E-01 
l,4S0E^00 

2.854E^05 NE6AN4TT 

l*093E«^0l KH C 4,824 €a00 NI T 

9.472E407 H2 C 2.540E>04 ACRES ) 

2*481E^00 MU/Cfl2 

I.SGIE^DI MM/CM2 

2.S4OE40S MEGAWATT 

l*255£^0l BAYS 

9.8SlE^0l BAYS 

8.9S0E-05 

4.096E^0S M2 C 1.012E402 ACRES ) 

4,400£*02 METERS 
4.324£*0l KM2 

5. aSK^Ol 6U 
4.99SE400 C« 

5.451E404 AMPS 
5.1YOE^04 AMPS 
l.025E^03 MEGAWATT 
4.774E^03 HFGAUATT 
5. 758E>05 MEGAWATT 
7.997E^04 
9.45i€*C0 PER 5UR 
4*4|4E^00 KW/M2 

I PER ANT 

S*323E*07 M: < 1.527E404 ACRES ) 
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TabliAM (Centimied) 


ORIGINAL PAGE IS 
OP POOR QUALmC 


SI 

PCAK ANT THitMAt Hit 

m 

i.7iaE4ta 

KN/H7 





S2 

D€ fHITtUT PONEt 

m 

7*ieaE5te 

ON/UNt 





SS 

etiD pourt 

m 

4.865E«80 

eu TOTAL 





$4 

lANO AtCA PEt tlCT 

m 

l.344E^D6 

H7 

( 

3.37a£^t4 

ACRES 

) 

SS 

HON OF INEiTlA 

m 

4.470E^13 

KS*H7 





s« 

THtUST PEt COINEt 

m 

3.57tE«d| 

NENTOHS 

1 

7.5l5E^tO 

LB 

I 

57 

NUHBEt OF THBUSTttS 

m 

3.571E^8I 

PER INST 





sa 

CONTtOt PONEt 

m 

4.4|5E«0I 

HE6AHATT 





Sf 

AHNUAl PtOPEUANT 

m 

l.443E^0l 

TONS 

C 

3.IBQE^e4 

LBH 

) 

iO 

STRUCTUtE HASS 

m 

7.770E403 

TONS 

c 

5.B65E*94 

LBH 

) 

51 

COHTtOi STS HASS 

• 

7.843E40I 

TONS 

( 

1*734E«8S 

LBH 

1 

47 

SOlAt BIAHEET HASS 

• 

l.778E«04 

TONS 

i 

3*ei0E^07 

LBH 

) 

43 

PONEt DISTt HASS 

m 

3.508E^0> 

TONS 

i 

a.4I4E^95 

LBH 

> 

44 

HECH 4 EUC t/3 HASS 

m 

5.44QE«Ql 

TONS 

i 

7.06IE^95 

LBH 

y 

45 

ANT V*OC HASS 

• 

7.708E407 

TONS 

( 

t*567E4B4 

LBH 

> 

44 

ANT WAVEGUIDE HASS 

« 

4,7I7£4Q3 

TONS 

c 

l*370Ei97 

LBH 

) 

47 

AMT lUYSTtON HASS 

m 

5,558E^03 

TONS 

c 

1.22SE+97 

1 BH 

1 

4a 

ANT CONTtOl CKTS HASS 

m 

4.318E^02 

TONS 

( 

5.520E«9S 

LBH 

) 

45 

ANT put DisTt Hass 

m 

S.775E*C7 

TONS 

< 

1 .243E^04 

LBH 

1 

70 

ANT put PtOCATC HASS 

m 

7.015E^D1 

TONS 

( 

4.442E404 

LBH 

) 

71 

ANT HASS 

m 

I.S51E^04 

TONS 

< 

3.419E^07 

LBH 

} 

77 

STtUCTUtE COST 

m 

1 .U5E-01 

BILLION 





73 

CDNTtOl SYS COST 

m 

3.SI8E-a2 

BILLION 





74 

SOLAR BLANKET COST 

m 

;,417£*Q8 

BILLION 





75 

POWER DISTR COST 

m 

1 .014r-02 

BILLION 





74 

HECHAEICC R/J COST 

• 

1 .587E-Q2 

BILLION 





77 

ANT STRUC COST 

s 

3.428E-01 

BILLION 





78 

AHT WAVEGUIDE COST 

« 

3.727E-0I 

BILLION 





75 

ANT KLYSTRCN COST 

m 

7.529E-01 

BIllIQH 





ao 

ANT CONTROL CKTS COST 

m 

5*533E-02 

BILLION 





61 

ANT PWR DISTR COST 


4.1S8E-02 

BILLION 





67 

AMT PUR PR0C4TC COST 

- 

l,39OE-0l 

BILLION 





63 

ant COST 

s 

1 ,28SE^09 

BILLION 





84 

NO OF FREIGHT FLIGHTS 

m 

1 .S/lE^oa 






85 

CREW SERVICE NO OF FITS 

m 

8,578E*0Q 






84 

OTS COST 

m 

4*21SE-01 

BILLION 





87 

TOTAL TRANSP COST 

m 

3.658E^00 

BILLION 





88 

RECTENNA COST 

m 

3.234£#00 

B2UZ0N 





65 

CONSTRUCTION COST 

m 

5* 387E-01 

BILLION 





90 

interest during constr 

m 

7.8^5E-0l 

BILLION 





91 

LATITUDE AREA FACTOR 

m 

1.419£^0C 






97 

TOTAL HASS 

m 

4.489E^04 

TONS 

( 

5.854E«97 

LBH 

} 

53 

TOTAL COST 

m 

l,2S6E^01 

BILLION 





54 

COST/KUE 

m 

3.071E*03 

$ 





55 

COST/KWM 

m 

5.708E+01 

HILLS 
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TabfeA14 (Conttiuad) 
RotMy fomtf * 3418 


ikHVimk eiAKETEt ¥AlUt • 

SOlUTSON nSUlTS 


1 iUNt INPUT irriciCNcy 

2 N€T C€ll EfflCUNCY • 

) SASIC CONVERSION ETTY « 

A SlANIttT FACTORS * 

5 SUS 1*SQ-R • 

4 NET ENER6Y fONY EFFY • 

7 AREAUISE EFFICIENCY * 

5 ANTENKa power OISTt EFFY » 
S NET OC-RF EFFICIENCY 

IS IDEAL BEAN EFFICIENCY 

11 NET SEAH EFFICIENCY 

12 INTERCEPT EFFICIENCY 

11 RECTENNA RF-OC EFriCIENC « 
lA NET RF LINE EFFY 
15 DC-TO-DC EFFICIENCY 

14 DC-TO-CRID EFFICIENCY • 

IT OVERAll PMVSICAl EFFY • 

15 AREA EFFECTIVE EFFV 

If BLANKET AREA » 

20 ANTENNA OIA » 

21 REQUIRED SIDElOBE SUPPR 

22 TAPER REQUIRED FOR SL SU « 

25 transmitter POWER TAPER • 

2A RECEIVER AVG/PEAR RATIO 

25 RHTR AVG/PEAR RATIO » 

24 BEAN SPREAD FACTOR » 

27 RADIATED RF PONER » 

25 BEAM OIAHETER • 

2f BEAN AREA « 

30 AVERAGE DEAN POWER DENS « 

51 PEAR BEAM INTENSITY « 

52 POWER IN MAIN BEAN « 

35 SATEtltTE LENGTH * 

5<* NUMBER OF BAYS • 

55 XHTi PWR DISTR LOSS • 

36 ADJ BAV USEFUL AREA » 

57 BAY SIZE « 

58 SPS AREA » 

5f MEAN SOLAR INSOIAYICN 

40 SOLAR CELL OUTPUT « 

41 ROIAKV JOINT CURRENT •A* • 

42 ROTARY JOINT CURRENT -B** * 

45 TOTAL PROCESSED POWER » 

44 total KLYSTRON INPUT » 

45 TOTAL klystron OUTPUT • 

44 NUNSER OF KLYSTRONS 

47 KAX klystron PACKING OEH t 

48 MAX RF POWER DENSITY » 

4f NUMBER OF SUBARRAYS - 

SO RECTENNA AREA 


B.S7fE-B| 

I.4BU-0I 
|.540£*0l 
f .5ffE-0| 
f ,747E^0l 
1.245E-0I 
f .5591-01 
9 .929E-01 
B.513E-OI 
9.450E-QI 
a.9SSF-0l 
9.512E-01 
8.920E-01 
B.548E-0i 
4.191E-01 
4.0C5E-0I 
7.4941*02 
T.015E*Q2 

4.047E^07 H2 I l.0Q0£«04 ACRES I 

l.4DOE^OO KH I 8.700E-0I HI I 

2.249E^01 DB 

7.924E4Q0 DB 

I.CCOE^Ol DB 

2,04IE-0l 

5.$09E-q1 

1 .450E^00 

2.84IE^05 megawatt 

9.4I5E400 KN C 5.849E400 HI } 

4.9541407 H2 C I.720E404 ACRES I 

5.454E4nO MW/CH2 

1.774E401 MW/CM2 

2 .544E403 HEGAWATT 

1.235E40I BAYS 

9.83U + 01 BAYS 

7.056t-03 

4.09fE405 M2 C I.012E402 ACRES ) 

4.400E402 METERS 

4.324E40T KM2 

5.5SIE*01 GW 

4 .99SE4D0 GW 

5.421E404 AMPS 

5.1S4E4Q4 AMPS 

I .025E*P3 MEGAWATT 

4.737E405 MEGAWATT 

5.769E405 MEGAWATT 

i?.0l2£»04 

7.093E400 PER SUB 

4. 721E400 KW/M2 

1 .423E404 PER ANT 

3.914E4Q7 H2 < 9.472E405 ACRES > 
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51 l»EAil ANT THEtNAi PMt 

52 DC OUTPUT PONES 

53 esiO PONES 
SA LAND AREA PIS SECT 
55 NON OF INESTtA 

54 THSOST PER COSHES 
57 HUH8ES OF THSUSTCSS 
50 CONTSOl POMES 

55 ANNUAL PSQPEUANT 

40 STRUCTURE HASS 

41 CONTROL SYS HASS 
47 SOLAR BLANKET HASS 

43 POMES DISTR HASS 

44 HECH 4 ELEC R/J HASS 

45 ANT SLTRUC HASS 
44 ANT MAVEGUTDE HASS 
47 ANT RLySTRON HASS 
40 ANT CONTROL CtcTS HASS 
A5 ANT PWR DISTR HASS 

70 ANT PWR PROCATC HASS 

71 ANT HASS 
77 STRUCTURE COST 

73 CONTROL SYS COST 

74 SOLAR BLANKET COST 

75 POWER DISTR COST 
74 HECH3ELEC R/J COST 

77 ANT STRUC COST 

78 ANT WAVEGUIDE COST 

79 ANT KLYSTRON COST 

80 ANT CGniROL CRTS COST 

81 ANT PUR DISTR COST 
87 ANT PUR PROC&TC COST 

83 ANT COST 

84 NO OF FREIGHT FLIGHTS 
3S CREW SERVICE NO OF FITS 
84 OTS COST 

87 TOTAL TRANSO COST 
83 RECTENNA COST 

89 C0T4STRUCTI0N COST 

90 INTEREST DURING CQNSTR 

91 latitude area FACTOR 

92 TOTAL MASS 
95 total cost 
94 COST/KWE 
$b COST/KWH 


TiMeAl-I (Cootimied) 


• 8. 8411^01 ICli/H2 

• 7,ll4t^00 8U/E1HIC 

• 4.I0SE^00 6U TOTAL 

• 9.872E«07 H7 

• 4.470E«I3 RG-H2 

» 3.571E4GI NEKTONS 

« 3.571£«01 PER INST 

» 4.4|9E«01 HEGAMATT 

• l,443E^0l TONS 

• 2,270E«03 TONS 

• 7.843E^01 TONS 

■ l.778E4^64 TONS 

■ 3.9QIE^07 TONS 

• 1.078E^07 TONS 

• 9»800E^07 TONS 

• 8.455E^05 TONS 

» 5.548E^03 TONS 

« 4.577Et02 TONS 

« 7.857E402 TJNS 

• 2.015E^05 *ONS 

« 1»87?E404 tons 

• l*I5i£-0l BILLION 

• 3.558E*07 BILLION 

• 1 .4|7E^00 BILLION 

■ K0I4E-07 BILLION 

« 2,244E-07 BILLION 

■ 3.797E-‘0l BILLION 

■ 5.075E-01 Bill iON 

» 7.553E-01 BILLION 

■ 9.550E-0.' BILLION 

• 8.464E-07 BILLION 

« I.590E«01 BILLION 

« 1 *440E4^Q0 billion 

» 1.497E407 

« 9.643E<^00 

• 4*S39E-01 BILLION 

• 3.9I4E+00 BILLION 

» 2.455E^00 BILLION 

• 5.80it-01 BILLION 

• 7.676E-01 BILLION 

• I.4I9E^00 

• 4.854E»04 TONS 

• 1.279E*0l BILLION 

« 2.993E^03 $ 

• 5.54^4E4^01 hills 


f 2.4I9I904 ACRES 3 

( 7.91SE^00 IB } 


( 3,180£^Q4 L8H ) 
C S,OOSE^04 LBH ) 
C l»734E«Q5 LBH I 
C 3.810E+07 LBH ) 
( 8.4QQE^05 LBH I 
( 2.376E^05 LBH 1 
C 7,i4lE4Q4 LBH I 
C 1.844E^87 LBH } 

< 1.228E^37 LBH 1 
( 9,538E*U5 LBH ) 
C l,72fiE^04 LBH I 

< 4.442E^04 IBH ) 
( 4.07SE+Q? LBH 1 


C 1.04fE«0B LBH 1 
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Table A1 -1 (Contkiued) 
Rotary Jobit Pow« « 3418 Megawatt 


AHTEIOIA aiAHETEa VALUE - l.AOQE^QO 

SOLUTION tCSULTS 


1 LIGHT INPUT EFFICIENCV » 

2 NET CELL EFFICIENCY • 

S SASIC CONVERSION EFFY « 

A SLAHRCr FACTORS • 

S BUS I-SQ-R • 

A NET ENERGY CUNY EFFY 

T AREAHISE EFFICIENCY 
a ANTENNA PONER DISTR EFFY « 
5 NET DC-RF EFFK’ENCY 
IS IDEAL SEAM EF<^ .ENCY 

11 NET SEAM EFFIt* .NCY • 

12 INTERCEPT EFFICIENCY * 

11 RICTEHNA RF-DC EFFICIENC * 

lA NET RF LINK EFFY 

IS DC-TO-DC EFFICIENCY 

14 DC-T0-6R10 EFFICIENCY 

17 OVER**VL PHYSIC/L EFFY • 

15 AREA EFFECTIVE EFFY 

If BLANKET AREA » 

20 ANTENNA DIA « 

21 REQUIRED SIOELOSE SUPPR • 

22 TAPER REQUIRED FOR SL SU « 

21 TRANSMITTER POWER TAPER 

Z. RECEIVER AVG/PEAK RATIO 
25 XMTR AVG/PEAK RATIO 

24 BEAM SPREAD FACTOR « 

27 RADIATED RF PONER « 

25 BEAM DIAMETER * 

2f BEAM AREA > 

10 AVERAGE DEAH POWER DENS • 

11 PEAK beam INTENSITY « 

12 POWER IN MAIN BEAM « 

13 SATELLITE LENGTH « 

34 number of bays a 

35 MTR PWR DISTR LOSS 

14 ADJ BAY USEFUL AR'A 

17 BAY SIZE * 

Id SPS AREA 

If MEAN SOLAR rriOLATION « 

40 SO. AR CELL OUTPUT » 

41 fiOVARY JOINT CURRENT "A" « 

42 ROTARY JOlNI CURRENT -B" » 

41 total processed POWER » 

4<t total klystron input « 

45 TOTAL KLYSTRON OUT-'«IT 

44 NUMBER OF KLYSTRONS « 

4/ MAX KLYSTRON PACKING OEN » 

45 MAX RF POWER DENSITY 

49 NUMBER OF SUBARRAYS a 

50 RECTENNA AREA 


а. 57SE-0l 
I.4SU-0I 
1.140E*01 
f«lffE*0l 
f .747E-0« 
l,245E-01 
f ,15f£-0l 
f .fl5E-Ql 
5.1I5£-(U 
f .4SQE-01 
S.fSSE'PI 
f *512E -01 
5,924E-0l 
5,348E-01 
4.199E-01 
4,013£-01 
7.505E-02 
7.024E-02 

4.047E^07 M2 C l,000E^04 ACRES 1 

.1,40QE^00 KM C f,f42E-Ul MI > 

2.14S£^Cl DB 
9.S84E«00 DB 
I .OOOE^Ol OS 
2.041E-QI 
1.909E-01 
1.450E^00 

2,843E+03 MEGAWATT 

5«216E^00 KM ( SaiBE^OO MI ) 

5.126E^07 M2 ( 1.117E«04 ACRES I 

4.779E*00 MW/CM2 

2.319E>01 MW/CM2 

2.546E^01 MEGAWATT 

1.255E401 BAYS 

9.831E401 BAYS 

б. 464E‘01 

4.096E^05 M2 ( 1.012E^02 ACRES ) 

4.400E402 MEIERS 

4.324E+0I KM2 

5»651E*01 GW 

6.99PF*00 «W 

5.4iSE^U4 AMPS 

1. 132E + 04 AMPS 

I .025E + 01 MEGAWATT 

6.791E^03 MEGA.4ATT 

5.772': + 03 MEGAWATT 

8.QITE404 

5.434E + 00 P.:R SUB 

3.6I7E+00 KW/M2 

I .8S9E^04 PER ANT 

2.997E+07 H2 i 7,405E^03 ACRES ) 
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51 rcM Ml? ns 

52 K Wtn? S0MCt 
51 »is 

54 iMM MCA rtt tf€? 

55 *?* HM or IlMtTtA 
54 TUttST ret CMl^t 
5? imttct ^ immnnn 

50 cmnoi HN^o 

59 AIO»At rtOrCLlMIT 

40 STOttCfttte mss 

41 CONTtOi s?s mss 

42 SOtAt OtAliCE? mSS 
41 rw€t otsTt mss 

44 fICCN 4 Et£C 0/J mSS 

45 HIT STIttC mss 

44 AST ilAVCSOIOC mss 
47 AMT KLTSTtM mSS 
40 AMT COMTftOL CtTS mSS 
49 ANT ru« OlSTt mss 

70 ANT nit PtlKlTC mss 

71 AMT MASS 

72 STtUCTyte COST 
71 ClUiTtOi STS COST 

74 SOLAt OiAMKCT COST 

75 rOtlCI OISTt COST 
74 I^CNSEiEC t/A COST 
77 AMT STtUC COST 

70 ANT HAVCSyiOC COST 
79 ANT tiTSTtON COST 

00 ANT CONTtOL COTS COST 

01 ANT nit DlSTt COST 

02 ANT nit PtOCtTC COST 
as ANT COST 

04 NO OF FtFIGNi FLIGHTS 

as CtCU SEtVICE NO OF FLTS 

04 OTS COST 

07 TOTAL TtANSF COST 

00 tECTENNA COST 

09 COMSTtUCTlON COST 

98 iNTEtEST OOtiNG CINIS^t 

91 LATITUDE AtEA FACTOt 

92 TOTAL HASS 
91 TOTAL COST 

94 COST/KUE 

95 COST/KHH 


4.7420-01 CN/N2 
2.IIMA00 smiim 
4.|I^«M Ml TOTA4 
T.SSOE^O? N2 € 

4.420€«ll tC-m 
1.521E*0I I^HTOm t 
1.52IE«^OI OEO im? 
4.4I9€«0| NEGOrnTT 
1.44lE«0t TINIS € 

2.270E«01 TMS I 

7.041E«0I IMS € 

l.720C«04 TINA C 

1.090£«02 UNIS € 

l.212E«82 TINIS € 

l.208£^01 TMIS C 

|.I04E^04 TOMS C 

5.572E«01 TMS I 

4.129E^82 TONS € 

1.022E«^01 TINIS € 

2.015£«eS TMS € 

2.I17€#04 TMS f 

l.llSE-81 OILLIM 
1.510E-02 OILLIM 
1.4I7E«00 OILLIM 
I.8I4E-02 OILLIM 
2.54SE-02 OILLIM 
1.992E-8I OILLIM 
4.424E-9I OILLIM 
2.S15E-8I BILLION 
9.5S4E-82 OILLIM 
1.103E-01 BILLION 
I.19BE-01 BILLION 
l*448£4>88 BILLION 
I.018E402 
1.844£«ei 
4.91IE-01 BILLION 
4.I42C«^80 BILLION 
1.9S0E^08 BILLION 
4.274E>ei BILLIM 
7.734E-81 BILLION 
I.4I9E»00 

S.218E4^04 tons I 
I.230E40I BILLION 
I.BIIE^^CI 9 
5.40IE«8l HILLS 


I.OOK^OO MOOS } 

T.tiSt^ LO I 


l.IOOEAM IM I 
S.0B5E#B4 LM » 
l.714€tOS IM } 
1.0t0€AB7 iON 1 
0.594E^tS LM I 
2.472EM5 LM I 
2.B22E«04 LM I 
2.41SE«B7 LM I 
1.22BE«B7 LM I 
9.S44EA8S LM 1 
2.2$1E^B4 LBN > 
4.442E^B4 LBN 2 
4.7IB£«67 LM } 


I.ISIE^BB LM I 
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Table Al l (Cd^Mcd) 
Rotwy Joii^ Pwer *3418 l l cg>w»ei» 


MTUM •E4M7€t Miai 

sm^aTiM i€s«iTS 


I ilMT IHM? irMCISW^ 
e mt €€ti emctewcv 
1 Mstc eiamestM crre 

4 siAmcf FAcms 

5 MS I-S4-1 

t MtT Cl^eSY €MV CFFY 
7 4t€nutsc crriciCMf 
• ANTCMiA emit eiste effy 
f tit? M-er EFFICIENCY 
It ItEM 9EAN EFFtCIEl^y 
11 M€f tEAK EFFICIEIN:V 
17 iNTEtCEtT EFFICIEI^Y 

13 trOENNA iF-M EFFlCtEI^ 

14 NET ftF LINE EFFY 

15 M*Tt-tC EFFICIE"^7 

14 M-TO-Cilt EFFiClEMY 
17 OYEEAtE rNTSICAi EFFT 
It AiEA effective EFFV 
It ttANEET AtEA 

7t AHTEHHA tlA 

21 ?EQUUF8 SI&EiOBE 5^771 

22 TAFEt EEQUlSEt FOE SL SU 

15 lEAHSNlTTEE FONEE TAFEt 

24 EFCEIVEE AVG/FEAK EAT 10 

25 XniS AVG/FEAK EAtlO 

24 SEAN SFEEAO FACTOt 
27 tAOlATCO Ef FONEi 
2t BEAN DIANETEE 

25 BEAN AREA 

)t AVEEAGE BEAN FONEE DENS 

51 PEAIC bean INTENSITY 

52 FONEE IN MAIN BEAN 
SS SATEIUTE LENGTH 
S4 NUHBEE OF BAYS 

S$ ANTE FNE OISTE LOSS 
S4 ADJ BAY USEFUL AB£A 
S7 BAY SIZE 
St SFS AE£4 

S9 NEAN SOlAE insolation 
4B SOIAt CELL OUTPUT 

41 eotaey joint CUEEENT «A* 

42 rotary joint CURRENT "B* 
45 TOTAL FROCESSEO FONEE 

44 total klystron INPUT 
4$ TOTAL KLYSTRON OUTPUT 

44 NUH8EE Of KLYSTRONS 

47 MAX klystron PACKING DEN 

43 HAX EF POWER DENSITY 

45 NUMBER OF SUBARRAVS 
SO rectenna area 


t.575€-tl 

l.4Blt*BI 

I.S4BE-B1 

5.S55F-B1 

5.747E-B1 

l.248E*tl 

5.S55E-B1 

5.525E-SI 

t.SISE-Bl 

5.4t5€*BI 

B.551E-B1 

5.S4IE-BI 

B.51?E*BI 

t*437€-9l 

4.2S2C-BI 

4.64SE-61 

7.S44E-S2 

7.d4SE-B2 

4. B47E«^B7 N2 < I.BBte^BA ACRES I 

l.tOtE^BB KN € l.ll5E«tB N! 1 

2.441^^01 DB 

|.B4SE«8i ti 
1 .B45E«B| DB 
2.02aE-Ql 
S.78SE-0I 
1.4r4E'»00 

2.64U^0S REGANATT 

7.44SE4B0 KN C 4.424E^B9 R1 } 

4.355E«B7 R2 C i.B74E«B4 ACRES } 

5.65SE^00 NN/CN2 
2.3S3£«01 NN/CR2 
Z.SSSE^OS NEGANATT 
BAYS 

5.6S1E«0I BAYS 

7.05SE-US 

4.096E40S N2 ( I,B12E«B2 ACRES I 

4.400£«D2 NETEES 
4.3Z4E^0| KN2 

5. aSIE^O! GU 
4.553E^0Q GN 
S.4?IE^04 ANFS 
3.1.^4E*04 ANFS 
l.OZSE^OS NEGANATT 
4,7S7E*05 NEGANATT 
5.745E^05 NEGANATT 
3.0IZE404 
4.325E«00 FEE SUB 
5.01SE+00 KH/N2 
2.5S5E«04 FEE ANT 

2.445E4^07 N2 < A.eSOE^OS ACRES > 
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51 Mf pm 

52 sc WTSS? 
ss cils pmmm 

AtCA P%P t€€f 

ss *T* mm w ii^tfis 
ss TsrasT Ptm CMi^t 
S7 mmsEt or TRtosTcts 

so CONfiOL POttCfi 
Sf AiMIAL PtOPELiONT 

00 STOtICTUtE HASS 

41 CmitOt SYS HASS 

42 S01A9 blanket NASS 
4S rmiEK OiSTB MtSS 

44 NECH t ELEC 0/J NASS 

45 ANT STBOC NAf.S 

44 ANT NAVEGUIOc NASS 
47 ANT KLVSrtO'4 NASS 
40 ANT CDHTKDf. CKTS NASS 
40 ANT PUB fiSTB NASS 

70 ANT PUB PBOCATC NASS 

71 ANT NASS 

72 SfBuCTUBE COST 
71 CONTBOL SYS COST 

74 SQLAB blanket COST 

75 POUEB OISTB COST 

74 NECHSCLEC COST 

77 ANT SIBUC COST 

78 ANT UAYEOUrOE COST 
70 ANT KlYSIBON COST 

80 ANT CONTBOL CATS COST 

01 ANT PUB OISTB COST 
82 ANT PUB PBOCSrC COST 
85 ANT COST 

04 NO OF FBEIONT rUOHTS 
8S CtLU SEBVICE NO OF FLTS 
84 nis COSI 

87 TOTAL TBANSP COST 

88 BLCTEHNA COST 

89 CONSIBUCTtON COST 

08 INTEBEST OUBIHG CQNSTB 

01 LAfITUDE ABEA FACTOB 

02 total HASS 

05 total COST 

04 COST/KUE 

05 COST/KUH 


TbMbAM irnmiBf uO 


- S.4S7f*0l BII/tIB 

« oasoc^oo 

• 4aS2€«00 M TOTOi 

» 4a7SE4^07 N2 

• 4.420E#I5 C0-N2 

• 3.521E«0I NENTQNS 

• 5.S2l€«^0l PEt INSf 

• 4.4t0£^01 NEOAUATT 

• |.445E«0I TONS 

• 2.27iE«85 TONS 

• 7.845E»91 tons 

■ l.728E^04 TONS 

• 5.001E^82 TONS 

• 1.544E«82 TONS 

- l.428E^95 TONS 

• 1.508E«94 TONS 

• 5,S40t^05 TONS 

• 4.527E«92 TONS 

• I.ISOE^OS TONS 

« 2.91SE^95 TC»iS 

« 2*477E«94 TONS 

■ |.l55E-«i BlLLimi 

• 5,S58E-92 BtLLim 

• 1.417E«99 BILLIM 

« 1.9I4E-92 BlLLim 

« 2.627E-02 BILLION 

> 4,2I5E*0I BILLION 

» 8.5a4E-0l BILLION 

« 2.S54E-01 BILLION 

« 0.S5IE-92 BILLION 

• 1.2S2E-01 BILLION 

• 1.590E-0I BILLION 

• l.873f^80 BILLION 

• 1.98IE^02 

■ I.152f^0l 

• S.5I4i'Ol BILLION 

« 4.42SE«90 BILLION 

» 1«449E»00 BILLION 

• 4.795E*0I BILLION 

• 7.940E'0I BILLION 

• 1.419E400 

« S.441E^04 TONS 

• l.274E«9| BILLION 

« 5.054E^05 9 

• S.75IE401 HILLS 


€ I,SB4C«M ACtES ) 

t 7*0I^MB LB 5 


( 3.tB8E4B4 LBR I 

f S.BBSE«B4 LBN I 

C |.754€*9S LBN ) 

C 3*BIB€^87 LBN I 

C B.4B9E«BS LBN I 

C 2.047€«9S LBN I 

€ 5,S7IE^B4 LBN I 

f 5.e8tE«87 LBN I 

t ia2BE^97 LBN 

I O.S50E^8S LBN I 

C 2.SSSE4B4 LBN ) 

f 4.442E«94 LBN I 

C S.44IE«67 LBN I 


C l.24BE^6B LBN I 
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TiMe Al-t (Coatlnacd) 

IKiSVHfy ^€MHi WWwKm * J^iO 


MTiNM »14y^Tit Mt»€ • 2. ••$(♦•• 

»i«?lM SiStfifS 


I ii»? lumi irricifiicir 

t I^T €€ii CFFlCttMir 
I MSiC CWVftStM €fF¥ 

% tiJMtiT FACIAS 
S MS t-SQ-il 
4 N€T ENFiSF €WV CFFY 
7 AtFMISC EFFtCIEl^Y 
4 AHtCMNA POttft PIST« EFFY 
♦ HET DC-tF EFFIC|EI«:Y 
14 IDEAL SEAR EFFICtElRTV 
II SCI SEAR EFFICtmCY 
17 INTCtCEFT EFFUIERCY 
II tCClEIINA SF-DC EFMCIEM 

14 HET tr LINA EFfY 

15 OC-fO-OC EFFICIEf^tY 

14 D€-TO-CtlD EFFICIIHCY 
17 OVC&AiL PHYSICAL EFFY 

15 AtEA EFFECTIYE EFFY 
If SLANXET A8LA 

7 S ANTEHHA dia 

71 tEQyiREO SIDELOSE %WP9 

72 TAPES SEQUISES F08 St SS 
71 TtAHSRlTTES PONES TAPES 
24 SECEIYER AYS/'PEAS SATSO 
75 ARTS AVG/PEAA SATiO 

74 SEAN SPREAD FACTOS 
27 8AD1ATED SF PONES 

75 SEAN DIANETES 
2f BEAN AREA 

IS AVERAGE SEAN PONES DENS 
II PEAK BEAN INTENSITY 
17 POMES IN RAIN BEAR 
1$ SATCILIU LENGTH 

14 NU.MGER OF BAYS 

15 ANTS PUS DIST8 LOSS 
14 AfU BAY USEFUL ASEA 
I? BAY SI7E 

IB SPS AREA 

If NEAN SOLAR INSOLATION 

40 SOLAR CELL OUTPUT 

41 ROTARY JOINT CURRENT *A* 

42 ROTARY JOINT CURRENT "B* 
41 TOIAl PROCESSED POHER 

44 TOTAL KLYSTRON INPUT 

45 TOTAL KLYSTRON OUTPUT 
44 NUnSER OF KLYSTRONS 

47 HAX KLYSTRON PACKING DEN 
4B NAX RF ^OWER DENSITY 
4f KunSER OF SUSARRAYS 
50 RECTENNA AREA 


B.57fC-Dt 
I.4D1E-BI 
I.I4SE-SI 
f .Iff€-Dl 
f ,747E-ei 
I.74SE-SI 
f .I5f€-0I 
f .f74E>SI 
B.IOfE-OI 
f-7I4£-8l 
f .DI5E-QI 
f .5f0€-0i 
B.fSfF-Ol 
B.4Y7E-0I 
4.I7IE-BI 
4.II7E-0I 
7*454E-S7 
7,l45E-07 

4.B47E«87 R2 I 1.DDDE4B4 ACRES I 

.2.SS0E«0D SR C l.24IE«iD R1 I 

7.544E«9I DB 
I.ISBE^OI DB 
t.tSBE^^Ol DB 
l.fSIE-OI 
I.449C-81 

t .soaE^oa 

7.548E*0I RE6ANATT 

4.B51E«00 KR < 4.757E^D8 Rl I 

I.437f«07 R7 C f.lOfE^DI ACBES I 

4.fSSE^00 NN/CR7 

I,496E^8I RH/CR2 

2.54Ec«8I NEGANATT 

l.735E^01 BAYS 

f.aaiE^oi BAYS 

7.5S9E‘0I 

4.096E«0S N7 < 1.0I2€«02 ACRES 1 

4.400£«07 NETEBS 

4.174£*0l KN2 

5.551E^0l GN 

4,f95E«00 GU 

5-474E^04 AHPS 

I,IS5E*04 ANPS 

1.02SE«QI NEGANATT 

4.7d3£^03 NEGANATT 

S.76nE^03 NEGANATT 

a. ODoE ^04 

1, fl4£*00 PER SUB 
7.605E^G0 KM/N7 

2. f0SE^04 PER ANT 

7.074E«07 H2 • ( 5.I24E48I ACRES 3 
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(mmmAL page m 

OF POOR QUALITY 


51 PgAt 4Nf IHCtMi HMI 

52 K MfHIT POH€t 
SS Ctld 

S4 tAtiO AftCA k€C? 

ss *v- non or inrtriA 
SA THt^sT ret coinrt 
S? niHldCk Of TNtOSTttO 

so coHrooi ronct 

S9 AHNUAl rkOPEUAHT 

40 STtUCTUtE NASS 

41 CONTKOl SYS NASS 

42 SOLAO &LANAET NASS 
45 POUEO OISTt NASS 

44 NECH A ELEC 9/J NASS 

45 ANT S.^RU€ NASS 

44 ANr IIAVEGUlOE NASS 
4? ANT OlYSTSOH NASS 
40 ANT CONYROL CRTS NASS 
49 ANT PMft DfSTII NASS 

70 ANT FliR PEOCOTC HASS 

71 AHT HASS 

72 STtUCTUtE ^OST 
75 CONTtOL SYS COST 

74 SOI At SIANAET cost 

75 PONEt Ot^lR COST 
74 NECHAEIEC t/J COST 
77 ANT STtUC I.QST 

70 AHT NAVEOUIDE COST 
79 AHT AiYSTtON COST 
00 ANT CONTROL CRTS COST 
SI ANT pyR O’STR COST 
02 ANT PNR PPOCr.TC COST 
05 AHT COST 

04 NO Of fREt&HT f LIGHTS 

05 CREN SERVICE NO CF ftTS 
04 OTS COST 

07 TOTAL TRANSP COST 
00 RECTENNA COST 
09 CONSTRUCTION COST 

90 INTEREST DURING CONSTR 

91 LATITUDE AREA FACTOR 

92 TOTAL NASS 
95 TOTAL COST 

94 COST/RUE 

95 COST/RUH 


TMtAl-l {CmMrnm 


• 4*90S€-0I KN^2 

» 2.i40€^09 muiim 

• 4.I9IE488 TOTAL 

• S.258€^87 N2 

• 4.428€«^I5 RG-N2 

• 5.$21E«8I NEUTTNiS 

« 5.$21E*8l PER INST 

« 4.4I9E^8I NEGAHATT 

« I.445E481 TONS 

• 2.278E^85 TONS 

• 7.845£«8t TONS 

• I.720E404 TONS 

• 5,985E^82 TONS 

• |.488E^82 TONS 

« 2.808E«^85 TONS 

■ l.724€^84 TONS 

• S.544E^85 TONS 

• 4 .s?aE ^02 tons 

• 1.545E^05 TOMS 

• 2*8I5E«05 TONS 

• 2.045E^84 TONS 

• I.I5SE-0I DILLtON 

» 5.558E-82 8ILLKHI 

> 1,417E«80 8ILL10N 

• I.OlSE-82 BILLION 

« 5.180E-82 BILLION 

> 4.440E-01 BILLION 

• l.OISE^OO BILLION 

« 2.S52E-01 BILLION 

• 9.544E-02 BILLION 

» I.474E-01 BiLltOH 

• l.590E*0l BILLION 

« 2,II4E«80 BILLION 

• 2.I52C^02 

• 1.25QC^8l 

« 5./74E-0I BILLION 

> 4.7tOE^OO BILLION 

« 1.445E40Q BILLION 

■ 7,57 »E-0| BILLION 

■ O.502E-OI BILLION 

« I.419E400 

» 4.I49E«Q4 TONS 

• 1.529E491 BILLION 

• 5.17IE4Q5 % 

• 5 . 094 E 4^01 hills 


C l.89t{^84 ACRES I 

I 7*9ISE«^88 Li ) 


i 5*1B8E484 LM I 
C 5.e8SE484 tin ) 
€ I.754E485 LBH ) 
C 5.8I0E487 LBH > 
C 8.484E405 LBH I 
C 5*245E«85 LBH ) 
C 4.489£«^84 LBH I 
C 5.004E487 LBH ) 
< |.227£^87 LBH 1 
C 9.555E4^85 LBH ) 
( 5.e09E«^04 LBN > 
t 4.442E404 LBH ) 
C 4.5I5E^87 LBH I 


C l*5S4E488 LBN I 


293 



DI80-M07I I 


TaUrAll (Cteiinoeri) 
R^ary loiiit Power « 4700 Megawatts 


ANTiWU SlAllfTit VAlttC « 

Miititsm tttttiTS 


I ii&tT turtir iFrtcuMV 
^ ^7 €€it €7riCSi«^¥ 

S MStt CfHlVftSlM €777 
% ilAHX€T FACfOtS 
5 ays I-SQ-* 

« N€T €N€€^Y €W7 €777 
? At€\HIS€ I7FICII1IC7 
a AitT£*IHA 7Qy€» 0IST» €777 
f yif 0C*t7 €77ICI€lt€7 
It ID€4l tCAIt €77iCI€yC7 
II Htl ZtkH €77ICI€I^7 
la IHtCtCCPT €77tCI€l^7 
1$ tECTINHA €r7ICI€l^ 

lA H€7 tF tim €777 
15 IK'TQ-DC €F7tCtCNC7 
U tC-TO-GfiO €77|€I€I^7 
17 OVrSAit PHVSICAt €777 
It A«€^ €7F€CII7€ €777 
If llAHKET A7IA 
7t AHT7HHA &IA 

21 ffltUltlD SIOiiOBi SU77t 

22 7A7£8 iCaUltfO 708 SI SO 
25 ttAHSHlTUR P0«€8 TA7€t 
2A 8IC7IVE8 AVS/PIA8 8ATI0 
25 XHI8 AVa/P€A€ 8ATI0 

24 t€AH SP81AD 7ACTQ8 
27 tAOlATCD 87 POOER 
2t e€AH DIAHEU8 
2f BEAN AREA 

5t AVERAGE B€AH POOER OEMS 

51 PEAR 6EAH INTEH5IT7 

52 POUER IN NAIH 8EAII 
55 SATEUlU UMGIH 

54 NUH0E8 07 BAYS 

55 XHT8 PN8 DISTR tOSS 
36 ADJ bat USEFUI AREA 

57 SAY SUE 
3S SPS ARIA 

5f mean solar INSOLATION 
48 SOLAR CELL OUTPUT 

41 rotary joint current *A* 

42 ROTARY JOINT CURRENT *8* 
45 total processed PONER 

44 TOTAL RLYSTROH INPUT 

45 TOTAL AlYSTRON OUTPUT 

44 NUHOER OF KLYSTRONS 

47 MAX KLYSTRON PACKING DEN 

45 MAX Rf PONER DENSITY 
4f HUMBER OF SUBARRAVS 

58 RECTENNA AREA 


t.577E-tl 
i*4tl€-tl 
l.54t€>tl 
f -5ff€-01 
f.477€-t| 

1.2571-81 
f .5441-01 
7.8571-81 
8*2551-81 
7 .4S8C-8t 
8.755C-8I 
7. 5121-81 
S.t44€-8I 
8.5481-81 
4.1881-81 
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S> DC OUieuT POHEA 
» 6tID POMtl 
9A LAND AtIA Alt RECT 
S5 •¥» nOM or INER'IA 
Si TNRUST RER CORNER 
97 NUMBER or EHRUSTERt 

58 CONtROl ROMER 

59 ANNUAL PROrCUANI 
iO STRUCTURE NASS 
4R CONTROL S9S NASS 
i2 SOLAR BLANKET NASS 
it RONER DtSTR NASS 
i« NECH E ELEC R/J NASS 
4S ANT ^TRUC HASS 
AA ANT NAViaUlDE NASS 
«? ANT KITSTI^ON HASS 
AS AKT C0NTI501 CATS HASS 

ANT PNS OlSTi HASS 
TO ANT Put PtOCSTC HASS 
n ANT MASS 
7^ STtUCTUtl COST 
r\ CONTAOl SYS COST 
TA SOiAt BlANATT COST 
75 POUTS DISTS COST 

74 HTCMsctec n/j cost 

77 ANT STSMC COST 
7$ ANT NAVUiUlDT COST 

75 ANT AIVSTSON COST 
$p ant CONTtOl CATS COST 

ANT PUR PISTR COST 
S? ANT PUR PtOCSTC COST 
35 ant cost 

3A NO OF MfUGNT FUeNTS 
85 CtlW SFRViCt NO OF s^LTS 
8» OTS COST 
8? total TRANSP COST 
85 ttCUNNA COST 
8f CONSTRUCTION COST 
fO TNlittST BURlNCi 
41 I AT ITUDt ARIA FACTOR 
fC TOTAL HASS 
45 TOTAL COST 

44 COST/KUt 
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« t.45«i«80 SN^lINt 
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• I .4^tL*00 SIlUON 

• 1.4h 4E OC BUllON 

• 2.45«6"DC BILLION 

• 5.44Cin>l BILLION 

• 4,t"4E-0l BILLION 

• 5.444E=i3I BULION 

« \ . 50.^1 - 01 Sill ION 

• I , 50 ?t 0 1 Bl I I iON 

• I.411L-01 BILLION 

» 1 .36 DO BU I ION 

• Z. 5DU*DC 

■ I , 5C4E*0l 

• 4,CC3t 01 8IU10N 

• S.OO'rL^OO BUUON 

• I lit *00 BILLION 

• 7.«S41-Dl BILLION 
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25 Mft AVG/PEAC tAT18 
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I .OYdE^OS 

4.74SE«Q0 PER SUB 
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( A.A|il*BA tlN I 
I A.tlll*8A tlM I 
I l.ABAIlBt IM I 
I t.tBBB*BI LBN I 
I I.IAft*BI LM I 
( i.BBItiBi IM > 
I I.IIIC4BA IM I 
f l,Mtf*9f LM I 
i l.l8tl*A? tlN > 
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TakteAt-l iCmOamtl 
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MTtmiA mmw 
soivvimi i^Mifs 


1 iiMf ii^T irrt€t€i«Y » 

t cfiL cmtiiiicr • 

s Msic cmivctsimi crfv » 

% Siiiiixcr rjkct^s » 

§ m% i-SQ-t • 

i I^T Cl^tCY CtmV EffV « 

• mi€t diSTt cf^v « 

t •«? 0C-tf EfMCUINtV • 

1« ld€4i smcui^v 

ti i^T 6E4H irFiciii^ir > 

It iNTCtCE^T (FFICItHtir • 

IS tfCfCi^ EFfteilM • 

14 MT tr iil» EFFt 

15 CFFICIEMV » 

IS ^-T0-SSIS SFFtCSFI^Y 

It OVItAiL ^VSICAt EFFf * 

IS A«CA CFfCCttVF EFFF « 

If tiAUFFT ItFA » 

2t ANtCmA BIA « 

tt tCSSttEB SIBiiQBC SSriNT • 

tt Tirif t£CUlF£D FOt Si SB • 

ts rtAHsiiiTTEt pmitn taffs « 

24 BFCEIVEf AV6/FEAX tATIO » 

25 XHTt AVS^FCAK 2Al*0 * 

24 BCAIf SF2EAD EACTOt « 

22 2ABIATE0 tF POUEt - 

ta eCAIt DIAHETFA * 

2f SEAM ASIA « 

If AfFtASE SEAS FOttEi SENS « 

11 FEAA BfAH INTENSITY • 

12 FONEt IN NAIN SEAN « 

S$ SATEiilTE LENSTN » 

14 NMHaEil OF SAYS * 

15 ANTE PN» DISTt iOSS « 

14 AOl SAY USEFNl AtEA • 

IT SAY SIZE • 

la SFS ASIA > 

If HEAH SOIAC IHS^ttttON 

40 SOLAS CEIL OUTFST • 

41 SOTASY JOINT COStENT "A* • 

42 SOTASY JOINT COSSENT ••S* • 

41 TOTAL PSOCESSEO FONES • 

44 TOTAL KlYSTSON INPUT > 

45 TOTAL EIVSTSDH OUTPUT « 

44 NUnSES OF XLYSTSONS • 

4? PAX ALV5TS0N PACXIHG DEN • 

46 NAX Sf PONES DENSITY » 

4f NUnSES OF SUSASSAVS » 

SO SECTENNA AREA « 
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l*14SE-0l 
f. Iff €-01 
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M C0HMO4 iYi HAit 
1^ SOiAt »lA»«|f KAit 
Ai rayit atilt ntii 
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15 EfMClfMCy • 
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•A ANT MATieUtei NASS 
AT ANT KLVSttON NASS 
AS ANT CONTROL CRTS NASS 
AS ANT NHt OtSTR HASS 
TO ANT NUR NtOCATC NASS 
?| AN? nk%% 

7i SftUCTUftf C0%1 
ti COHl«OL SYS COST 
7k SOiAt aiANKfl COST 
TS rOMIt OISTC COST 
n HCCHiTifC COST 
7f 4NV SItuC COST 

ANI I^AVIGUtOI COST 
7f ANT AiYSTtON COST 

50 AHI CONfSOi CATS COST 
81 AN) fMt OtStt COST 

8^ ANT f^ffOCATC COST 

81 ANT COST 

8A NO 01^ TtllDNf TilONTS 
8S C«€N SIKVICt NO OF FttS 
84 OTS COST 
ST TOTAL TSANS^ COST 
88 8ICTINNA COST 
8f C0NS1TUCTI0N COST 
to iNIfVtSf PU8SN0 C0NST8 
«| lATITUDC A8CA FAC108 
TOiAL HASS 

51 TOTAL COST 
f4 COST^KNC 
4$ COST/ANH 


|A8t8tA88 8N/M 

S. 88li#88 6N/UN« 

Ta88TC488 on TOTSi 
l.fSSt^tS N2 < 

8,^T8i«ll te-Nt 
4.tT8f*8l NtNfCNt I 
4 a?T 8C*8I Pit INST 
TA888C»d| NCOANATT 
|.ST^|*8I TONS f 

4.84li*83 TONS I 

TONS ( 

1.88^1 >84 TONS f 

|,^m*83 TONS I 

f*l*4C*8l TONS i 

TONS i 

tons I 

TONS i 

T. 4;SC#02 TONS ( 

4«8t9C*8l TONS I 

3 $74i>83 TONS i 

LaT3^C«04 ions 4 

3.8131*81 ilLLllHI 
4.3T8t'03 81LD0N 
3.S34088 iULlON 
3.3841*83 8ULI0N 

} .4111*83 iUiiON 
3,4831-31 StLLlON 
I.S88t*8l SIlLlOH 
4.3TTf-8l tULlON 
1.4S8F-81 StLLlON 
4.S8TC*83 ilLLION 
3,4331-81 SILIION 
I.St4C*88 itiUON 
3,4^4083 
1 .4i3F*ei 
4.Sd4t*0t ilLLlON 
S. 3341*88 ilLLION 
4.448C*88 SUilON 
8.4I4E-81 SILLION 
).14SE*88 itUlOH 
I .4|4C*88 

7.8111*84 TONS I 

l.433C*0l ilUION 
3.4841*83 4 
4.8841*81 HILLS 


4.7818484 AttiS I 

1.4111481 ti ) 


i.8:ii484 LiH I 
8.«)8i4SA tSH ) 
3. 8411488 iSN ) 
4*7441487 iSH > 

3.7141484 tiH I 
3.8371483 tSN ) 
I , L83C484 iSH I 
4.3111484 C8N ) 
3.1311487 LSN ) 
1.4481*84 L8H ) 
1,3431484 LSN ) 
7. 7731484 iSN 3 
4.3I4C487 LiH ) 


1.3441488 LiH I 
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TM^AI I iCtHMlmicvl) 
Rotaty Joint Pow€f • 


ANTilMI^ ilMlifii 
soiimM ttsoitt 

I uetif tn^f • 

I till tffitnmr • 

I Msic ceiivitsioii irrt « 

% tiAMKir FACTQtS 

s aus « 

4 Hit tKctsv coiiv irr¥ • 

f irFicttNCy * 

i AHlkHHA PQMIt 9tSft ifFY • 
f NCr BC«tf tfFItttHCT • 

10 xmkt nthn trriUKiiCv • 

It NtT BI4H frMCtttiCV * 

\Z INIItCiPr tFftCICNCt • 

11 tCCYCHNI^ «r-OC tfMCIIM • 

10 Kit ilHic fi^ry • 

t% BC-TO-DC C^MCICHCV 

u BC-td'OiitB cmcici^y 
I? oyttAu rHViicAi tFfy 
10 isti iHFtcTivi triy • 

10 BiAHKit ^t€A 
AHUNHA BIA 

^l ttdMItril SIBIIOtl StlBM • 

TA^ifi tiauiAiB rot $t to • 

tl TtANSHItrit POOIt TABtt « 

^4 BtCEIVlA AVO/BEAt ftAflO » 

tS IHTA AV&/KAK AATIO • 

BiA»t SrtEAB EACrOi « 

tAfUATEB if BOOCt • 

^0 ilAH DUHCtCt • 

at tlAH A0EA • 

Id AVftASI iCAK FOUCi BEOt • 

It rCAA BEAN IMTCHSITV « 

1^ BOMIt SN HAIH BtAH * 

11 SAIIIUTE IIN^TN • 

10 KUHBCt 01 i*¥S • 

1$ IHTt PUB BItTt lots 

3A A0J BAV USCEOl AlEA 
IT BAY SITE • 

IS IPS Aitf A • 

If HCAN SOLAS IHSQIATIOII 
AS SOLAS €tli output • 

At SOtAtY JOINI CUSSEHT *A* • 

A? SOTASY JOINI CUSSIHt • 

A| TOIAl PEOCtSSEB P0U£t 
A0 tOIAl KlYSItaH INPUT • 

AS TOTAL ALYSrtON OUTPUT 
AA NlfHBES Of ALVSTSONS 
A? HhX lUVSISON PACAINO DEN • 
AS HAT tf PONES DENSITY » 

Af NUNBIS Of SUBASSATS 
SS SECTINHA ASCA • 


VAiM » I.SMCABa 


I.ABIi«tl 
l.lASi-SI 
f.lfU-ii 
f .ss$i-si 
|.^2SE-SI 
f .lATI-SI 
f .SOAE-SI 
S.^ISC-SI 
f .ASSE-SI 
S*f$SE-8l 
f »5UE-0t 
S.f^AE-St 
S,IASE-Ot 
A.IISE-St 

S. flAI-SI 

T. ^AfE-S2 
A,BSf|-tE 

7.2ISf«d7 Nt I l.7tlt0#A ACitS I 

I.^SSE^OS til C 7.AS7f-#l N1 I 

I.ISIC0SI SS 

f,A|fl^SS tti 

I.SSO|«SI Si 

i.SAlE-SI 

l.fdfE-SI 

l,AS0E#S8 

A«91PE«03 NISANATT 

l.OfSE^SI tn t A.SSAi^OS Nl I 

f.ATTE^O? N7 t 7.IA0E«8A ACitS I 

A.AA||#D8 NN/CN^ 

5,^SIE^QI NN/CN^ 

A.lf7E#ei NEtANATT 
^,^OSE»OI BAYS 
I . BAYS 

t 

A.OYAt^OS I t.0t?E«82 ACtES t 

A.AOSE^oa NETEtS 
T.70S|*01 %n2 
\ GN 

I . 2^Bt*Ql GN 

f,iOAC^8A ANPt 
S.AA^E^OA ANPS 
t ,?T0|«8| NEGANATT 
l.lTie*04 prOANATT 
NEOANATT 

t . 3SSC *0S 
t .ieae*wi PEs SUB 
I.UIE>01 %U.n2 
\ .0AIE«0A PER ANT 

S,3CSC«dT N^ ( l.l|7i08A ACRES t 
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T^hltAM (Cwttmml) 


OlIGnAL PAG! IS 
or POOR QUALTFir 


11 ttlt IMt TllltMi HNI 

12 P9m9t 
ii Mil HNiii 

1 % iMi it€i ^it atct 

II IHIIt Of tMITU 
M fKtillT l»Ci cotllit 
$f OF fURyiTtftl 

Si CONTtC* HHIIi 
Sf Mmfkl 
ii iliuCTuti h.'is 
il COHTtOl m 
42 SOtii iLiUtCr 
4S FOUft OtSTi HASS 
44 Hi€H i fit€ i/J Hill 
4i AH? \ttOC HASS 
44 AN? NAVSiUtOt NASS 
4? AN? titSttON NASS 
41 AH? CONTiOt Cits NASS 
44 AH? FUR OI$?t NASS 
7i AN? NNI NiOCitC NASS 
?| AN? NASS 
?2 S?m?<lil COS? 

?l CONTROl S?S COS? 

?4 SOiAi liAHCt? COST 
?S NOHCR OISTt COS? 

74 NiCNmCC R/J COS? 

7? AH? STRUC COS? 

74 AH? HAVEOUtOC COS? 

74 AH? fClVSTROH COS? 

44 AN? COHTROi CRTS COST 

41 AH? PNR 01S?R COS? 

42 AH? FUR PR0C4TC COS? 

41 AH? COS? 

44 HO or rREtON? rilSHtS 

45 CREH SERVICE HQ OF FETS 
44 OTS COS? 

4T tOtAl rRAHSF COS? 

44 RfCTINHA COS? 

4f C6NS?RUCT|0H CCS? 

74 IHTIRIS? DURtHO €ONS?R 
ft EAIUUOE ARIA rAC?OR 

42 ?0?AI NASS 
41 ?0?AI COS? 

44 COS?/RME 

45 COS?/RHH 


« l«2ilf444 CN/Nt 

« i. 4441444 m/UNt 

« 7.4fii44i 4N tOTAi 

« 1*1441444 N2 

4 4*2141414 R4-N2 

• 4*2?4i«4l NENTOHS 

« 4*2741401 PER INST 

• 7.4S4E44I NEOANATt 

• 2.S72E44I ?OHS 

4 4.44S|44i ?OHS 

4 I.442E442 ?OHS 

• S.442E444 TONS 

• I.2SIE44I TONS 

• I.4I4E442 TONS 

4 7.244E442 TONS 

4 4*2l2t^0l TONS 

• 4*424E44I tons 

• 7*477E442 TONS 

4 4.tS2€402 IONS 

4 I*$24E44A tons 

• 2*IS2€444 tons 

4 2.4211-41 itiUOH 

4 4*1141-42 RliUON 

4 2*1241444 ilUlOH 

I.24SI-42 ttlUOH 

• 2*2Ui-42 BUUON 

4 I.424E-4I BXUIOH 

4 I.727E-4I 4UU0H 

4 4.A74E-0I RIEUOH 

4 t*4SIE-4l BIUlOH 

4 7.S04E-Q2 lUUOH 

4 2.ASIE-4I ilUION 

4 l*4S7E^04 IlilXQH 

4 2.S52E*42 

• I.4S4I4QI 

4 4.444E-4I ItUlOH 

4 S.T84E«40 ilUlON 

4 I.I78E40Q ilUlON 

• 4.7441-41 itUlOH 

4 1.0041404 BIIUOH 

• I. 4141440 

• 7*2411404 TONS 

• t.734E40l ilitlOH 

• 2.44dl#4l 4 

4 4.ISII4QI NIUS 


i 1*1241444 ACiiS I 

( 1*4111401 E4 I 


< S*471i444 LiN » 
i 3.4141444 itH ) 
C S.041E44S ilN I 
( 4.744E447 ItN I 
I 2*7141404 14N I 
I I.S2I144S EiN I 
C I *4071444 ESN > 
( 1*1741447 14N > 
C 2*1221447 ESN I 

< I *4441444 E4N 1 
t I.SII14Q4 EBN 1 
i 7*7711444 E4N 1 
( 4*74S1447 ESN I 


C 1.4471444 ESN 1 
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Dti^467Kl 


riMrAM (CM^Mied) 

lUtwy MM Vtowtr ■ SMO MtpwiM 


AMTttMA BUNITIt VALUi • |.«B«t*fta 

MiwttoN Kimn 


I I.1BMT IM^T Itl^tClIWCV •> 

a MIT cm imctiNcv • 

) BAaie eoMwci«i(M taav • 

^ BiANKiT fAClOtS • 

a wt • 

4 NIT INttCV CONV IMV • 

7 AtkAUiSI imcttNCV > 

4 ANTINNA fOUtI Itl41t CIPV • 

4 NCT SC-RT CmClINCT • 

14 IbtAl RKAN IfflCIENCI > 

II MIT ilAN IFMCtINCV • 

II INTtRCtRT imcilNCV • 

II RTCTSNNA R*-tkc imciiiN: • 

14 Nit IT iiHR • 

1$ BC-TQ-DC tMICtINCT • 

U ac-T0*caiB ifitcuNCt • 

1? eviRAU PHVSUAk, Ifft • 

14 ARIA ItriCTIRI IRRT * 

t« RiANKtr ARCA • 

10 ANTENNA OlA • 

ai RECUIRID &IOII.OBI tURRt • 

SI lAMR filQUlRCQ TOR 41 4U • 

SI TRAHiNlTTfe POMIR TARER • 

54 RICII^tR AVe^RIAR RATIO • 

55 SStR AVS-^PEAt RATIO • 

St RCAN spread PACrOR • 

ST RAOIATIP RT POMtR • 

SO IlAN OlANETiR • 

St IlAN ARIA • 

SO AVI RACE If AN POMIR BINS • 

IT PIAR IlAN INTINSITV • 

JS POMIR IN MAIN IlAN • 

11 SATCUnt IINCTM ■ 

3^ HUHfki:t Of • 

3$ nnif oi^Ti iO%% • 

3« AOJ USinii A«IA • 

IT SUI * 

Is • 

5^ HI AH SiMk^ INSOL Alton • 

49 SOL *4 C IU OMIfMT • 

41 tOl^SV JOIN! CLi^t^LNl *4* • 

4^ tOfAiev JUtNI CUt^tNf • 

41 taiAL piocrsstD i^onih 

44 10141 *fLVSl«ON INPUT 
41 IQ14L ALVSniQN I'UTI^U? « 

44 HUNSlil OF ILVSItONS « 

4T HA4 lElYStlUlN P4CIUH6 DIN * 

49 Hh% HI PONIi DtNSITV » 

49 NUHDIlt or SUDASflAyS » 

ID mCTINNA 4414 * 


ltUti-91 

9.1991-91 

9.MSI-9I 

9.I4TI-9I 
9. 9991-91 
9vttlt-9l 
9.49f|«91 
9,99ll-9t 
9,I$II-9I 
9 9Slt-9t 
9,4541-91 
4,1941-91 
4,9991^91 
T,l40L-f 5 
4,9941-95 

T,519l*8f N5 I 1,T99|494 4CitS I 

1.4901*99 KN i 9,?99I-9I FU I 

5,4T9l*il 09 
1 .8aar*9i &§ 

1.9a3l*9l D9 

5,9|9|-81 
1.4491-91 
1 .4aic*09 

4,9U€*9I NI&4IIATT 

9.4ITt*00 KN t t.9T4l«99 til I 

T, 5441*9? H5 I lAT99f«94 4CMS I 

4,9?K«99 mi/Cll5 

1.9941*91 HH/CN5 

4.45U*QI H£€4N4Tt 

5,5911*91 i4¥S 

1 ,^45|^95 14VS 

1.9IU 05 

4.994I*0S N5 < 1,9I5I«95 4CfU9 I 

4.4991*95 Hints 
T,?O^I*OI 4H5 
I .9411*05 ON 
1 .5431*91 an 

9.4051*04 4HPS 
5,4401*04 4HPS 
I . T94I*9I HCC^4N4TT 
I , I ?ll*04 HI04N4TT 
f.9?ii*ai heoanatt 
1 , iau*05 
l,lllt*01 Pit sut 
8,7451*00 4N^H5 
1.4511*04 Pit ANT 

4.0841*0? H5 f l,919l«94 AC8ES 1 
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DI8&a4«7M 


TMiAM iOrnmaeA) 


(^ FOC® 


11 ANT TNitNAi Nii 
§2 NC MffNT mii 

ST ttli ^INICK 
SA iANS At€A Tir ttCT 
SA non op INtftTIA 
S4 TNiOST rtt OOANit 
ST NUNSIt OP TNtySTttS 
SO CONtiOt TONTi 
St ANNUAi PiONiUANT 

40 S?tU€?Ut| NASS 

41 OONISOI STS NASS 

44 SOiAi SlANiiT NASS 

45 fONlO OtStt NASS 

44 NtCN 4 itiC «/4 NASS 

45 ANT ST toe NASS 

44 ant tiAVCOUIOt NASS 
4T ANI SIVSTSON NASS 
40 ANT COHftOi CATS NASS 
40 ANT fits OlSft NASS 
TO ANI PNt P80CATC NASS 
T| ANT NASS 

12 STOfCfUtE COST 
T| CONitOl SYS COST 
T4 SOlAi OiANICIT COST 
TS P0NI8 P!$T« COST 
T4 H£CH4EICC l/J COST 
TT ANT SIOUC COST 

TO ANT NAVfOUtOl COST 
TO ANT AlYSTiON COST 

00 ANT CONTOOl COTS COST 

01 ANT NNO DtSTO COST 
04 ANT TN8 P80C41C COST 
04 ANT COST 

04 NO OP riiiSHT mSNTS 

05 COIN SE9V1CE NO OP PITS 

04 OfS COST 

8T TOTAL TOANSP COST 
03 8ECTCNNA COST 

05 CONST SUCTION COST 

50 INTC8IST DUSINS CONSTO 

51 LATITUDE AfiEA PACtOO 
S4 TOTAL HASS 

Si total COST 

54 COST/KUI 

55 COSI/AMN 


» I.TTOi^OO 0M/N4 

• 0*TtSi490 ON/itNi 

« TaOTI^iO ON TOTAL 

• I.OiOE^OO N4 

• 0.2i0E4li S0-N2 

» 4.2T0f^0l NENTONS 

« 4.2T0€^0I NEO INST 

• T.0O0E40I NEOANATT 

• 2.S72i«0l TONS 

• 4«04SE^0i TONS 

• I.402E4Q2 TONS 

• i.002E#04 TONS 

• l,2i4E40i TONS 

« ia00t«02 TONS 

« f.OOOE#02 TONS 

• O.ASSE^Oi TONS 

• S.44TE^0i TONS 

• T. 4001^02 TONS 

• 1.0441484 TONS 

« 4.S24I404 TONS 

• 4.4401404 TONS 

• 4.044E*81 OILllON 

« 4.4IOE>04 OILLION 

« 2.S44I400 OILLION 

- 4.204E-04 OIUION 

« 4.4S4E-04 BILLION 

« 4.TSTI-0I BUilON 

• S.BT4E-01 BUitOH 

• 4, 4601-01 BILLION 

» 1.4011*01 BUUQN 

• I.12T|*01 BILLION 

« 4. 4441-01 BILLION 

• 1.0441400 BILLION 

• 2. 4701402 

• 1.S4IE40I 

• 7.IS4E-01 BILLION 

• S.SS4E400 BILLION 

• 2.4S3E400 BILLION 

• S.I04E-OI BILLION 

• 1.0741400 BILLION 

• I.41SE400 

• 7.4S44404 TONS 

• 1.744E40I BILLION 

- 4.4S4I404 4 

« 4.4S4E401 HILLS 


i 2.S44EM4 ACRES 4 

C I.4II14BI Li I 


€ S»4TIE4B4 LBN I 
i O.SIOE«04 LBN I 
( S.OSIE^iS LBN I 
I i.?f4i#07 LBN I 
t 2.7ITE«04 LBN 4 
( 2.4I0E4BS LBN ) 
C 2.14IE^04 LBN 4 
< I.B44t^07 LBN 4 
t 2.I22E407 LBN ) 
i l.44fE404 LBN I 
f 2.400E^04 LBN ) 
« 7.774E404 LON I 
C S.47SE407 LBN I 


C l.407E^0B LBN I 
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Y^iUaAI'l (OMUmMd) 

Rotary Fowtt * S9SD M^nratta 


ANTiNNA BIAHITII 
AOIUTIOH ItSUlTt 


\rAlVI • 


l.AA0t*t« 


1 

iimi iMMir iirioiiMv 

• 



t 

•Ml? ctu. irricitiiot 

Rk 

1. 4011-01 



iosic caN9ttsion irft 

9 

UI40C-01 



ilOHKI? OOCtOiS 

9 

9,1991-01 


I 

»ys 


9.S6SC-0I 


4 

Htr co»i9 irrt 

9 

lU^SC-OI 


f 

Mitsui irMC%(H09 

9 

9,I4?I-0I 


4 

4NTINN4 ^Olit OISTO IIPY 

ik 

9,4^11-01 


4 

KM OC-^9 tmCIIHCY 




10 

|D€4l 0I4H t9MCllH€Y 

9 

9U51C-01 


II 

NIT 6t4N |»ri€|€NCt 

m 

9,OSOC-Ol 


U 

IHtlOCliPT MriCttNCf 

m 

9,4111-01 


II 

itcTiNNt or-oc MrlCICNC 

9 

4.94U-0I 


14 

HM M IIN^ tlTY 

9 

8. $^*41-01 



BC-TO-Ot imcitNCY 

m 

4U4SC-0I 


14 

oe-to-atto tmcitHCY 

m 

4,094C>^0I 


1? 

©VliAU ONVSieOL 1999 

m 

?,44?l*05 


U 

4tt4 UMClIVt 1999 

9 

4,9941-05 


19 

ilAHOM AtiO 

9 

TUISI^D? 

Nt 

to 

ahunha oia 

9 

1 ,400l«0O 

nil 


iiayrtro itoimt syfot 

9 

5,S44i*0| 

DO 


T4ri« RtOyitCO 9Dt SI su 

9 

|,149C#0I 

DB 

II 

tHAHSHITTlt ROMIt T40I0 

* 

ia49|*0| 

DB 

14 

trCIlViR 4VS/9IMC RATIO 

» 

1 9:si-oi 


II 

AVG/riAA RATIO 

« 

5, I9?c 01 


It 

Bl4?f SrRtAD FACTOR 

« 

l,550l»00 


1? 

RtDlAttO Rf ROyiR 

• 

4,9\4t*0l 

NISANATT 

14 

OCAH OMHttCR 

• 

4.4I.'I:*00 

KH 

19 

09 ah aria 

• 

S.4S5I40? 

N5 

10 

AVlRAiU eiAN 9QNIR OCHS 

» 

r . s?«r *00 

HW/CN5 

II 

^tAA OIAH IHUHSITV 

9 

i.euitoi 

HN/CN5 

II 

^QNCt IN NAIN SCAN 

« 

4 4S0I40I 

HCOANATT 

II 

SATCiim IIN6TH 

Rl 

5U0ST«O| 

BAYS 

14 

HOHICR 09 BAYS 

V 

1 , *05 

BAYS 

1$ 

XHTi BHR OISIR toss 

« 

1 . T 9 U -05 


It 

ADJ OAV USirut ARIA 

» 

4 ,0941 ♦OS 

N5 

yr 

OAV sue 

m 

4,40OI*O5 

HtTIRS 

10 

SI^S ARIA 

9 

T, VOSI^OI 

RH5 

19 

?»IAN SQIAR INSOIATION 

9 

1 ,04SC*05 

GN 

40 

SdlAR CIU OUTPUT 

m 

1 .54S€ fOI 

GM 

41 

rotarv joint CURRIHT *A* 

m 

9 , 59|t ♦04 

AHPS 

41 

ROURT JOIN? CUtREHT 

• 

5, tin ♦OA 

AHPS 

41 

TOIAl PROCiSStO PONIR 

* 

1 . T<i4F 

HtGANATT 

44 

lOtAl RIVSTROH input 

m 

1 . 1 ?S€ *04 

HiGANATT 

4S 

TOTAl RIVSTRON output 

m 

f.iasiAOs 

HIGANATT 

44 

NUHBCR or RiVSTRONS 

m 

1,56/1*04 


4r 

NAX KiVSTRON PACMHG DIN 

9 

1 .051F ♦()! 

PIR SUB 

44 

HAX R9 POWtR OIHSITV 

9 

T, 19SI *00 

RN/H5 

49 

NUHBlt OF 4USARRAVS 

* 

1 . A C4 

PfcR ANT 

SO 

RCCTINHA ARIA 

• 

3 . 595I+0? 

nz 


l. 7 A}t*QA ACttS > 
Nt ) 


s.iiAt«^oo ni 

l.AA«E«e« ACRES 


1 . 0 UE«Q 3 ACRES 


e.USE«QS ACRES 


.<i: 



D180-2407M 


TaMeAH (CoMtaMd) 



SI 

OCAO AHT THitHAt OMt 

* |.444i«i0 

RN/N7 






oc ouTpyr poutt 

• 3*7Sti^00 

ON/LLNR 





S3 

OtID POUCO 

• 7.797E400 

ON TOTAI. 





S^ 

LAND AftOA PfO KOCT 

• a.397E^07 

M2 

C 

R*asiE9a4 

ACRES 

1 

SS 

HOH DF IN09TIA 

• a*738E«13 

A6-M2 





S4 

THOUST P€0 COtNCt 

• 4.77fiE«0l 

NEMiriNS 

( 

1*4IIE^01 

LB 

> 

S7 

NUMOEO Of THtUSTOtS 

• 4.77aE«OI 

PER INST 





S3 

COHTOOt POMES 

■ T.aaoE^oi 

MEGAWATT 





SS 

ANNUAt PSOPEUANT 

■ 2.S72E40I 

TONS 

c 

5*47IEAa4 

LBM 

} 

40 

STSUCTUtE HASS 

» 4.045E^03 

TONS 

c 

a*fiaE404 

LBM 

1 

41 

CONTOOI. SYS MASS 

• 1.4a2E«02 

TONS 

€ 

s.efiE^as 

LBM 

) 

47 

SOIAP OLAKiCET MASS 

■ 3.032E^04 

TONS 

i 

4*794E^07 

LBM 

1 

43 

POMES DISTS NASS 

- I.23IE403 

TONS 

t 

2*7I3E^Q4 

LBM 

1 

44 

HECH A ElEC S/J MASS 

• l.372E«^07 

TONS 

c 

2*9I4E^0S 

LBM 

1 

4> 

ANT VSUt MASS 

• I.780E403 

TONS 

c 

2.822E^94 

LBM 

1 

44 

ANT NAVE Sy IDE MASS 

• ia04E«04 

TONS 

I 

2.435E^07 

LBM 

1 

47 

ANT ALYSTAON MASS 

• S,439E403 

TONS 

c 

2.I2SE^07 

LBM 

1 

40 

ANT COHTAOL CATS HASS 

- 7.4a9E^92 

TONS 

< 

l*4SIE«04 

LBM 

1 

4S 

ANT PMR DISTR HASS 

« |.2a4E^03 

TONS 

1 

7.834E«04 

LBM 

1 

70 

ANT PMS PR0C4TC MASS 

» 3.S24E403 

TONS 

c 

7,773E^04 

LBM 

) 

71 

ANT HASS 

• 2,752E^04 

TONS 

f 

4.848E407 

LBM 

> 

77 

STRUCTURE COST 

• 2.023E-01 

BILLION 





73 

CONTROL SYS COST 

• 4.310E-07 

BILLION 





74 

SOLAR BLANAET COST 

• 7.S74E^00 

BILLION 





75 

POMER DISTR COST 

• 3,200E-07 

BILLION 





74 

HECH&ELEC R/J COST 

• 7*7751-07 

BILLION 





77 

ANT STRUC COST 

• 3.992E-01 

BILLION 





70 

ANT NAVEGUIDE COST 

• 4.424E’0I 

BILLION 





7f 

ANT ALYSTRON COST 

• 4,355E-0l 

BILLION 





00 

ANT CONTROL CATS COST 

• 1.453E-01 

BILLION 





01 

ANT PHR OISTR COST 

» 1.389E-01 

BILLION 





02 

ANT PMR PR0C4TC COST 

• 7.433E-0I 

BILLION 





S3 

ANT COST 

« 7.048E400 

BILLION 





04 

NO OF FREIGHT FLIGHTS 

• 7*ai8E^02 






05 

CREH SERVICE NO OF FLTS 

• l.ElOE^Ol 






04 

OTS COST 

• 7.559E-01 

BILLION 





07 

TOTAL TRANSP COST 

■ 5.817E>00 

BILLION 





00 

RECTEHNA COST 

- 2.264E400 

BILLION 





OS 

CONSTRUCTION COST 

• 9.440E-0I 

BIi LION 





SO 

INTEREST DURING CONSTR 

• l.085E^00 

BILLION 





SI 

LATITUDE AREA FACTOR 

• I,419E*00 






S7 

TOTAL MASS 

• 8*050E404 

TONS 

c 

t.77SEA0a 

LBM 

> 

S3 

TOTAL COST 

• l*737E+0l 

BILLION 





S4 

COST/AME 

• 2.387E+03 

4 





SS 

COST/AUH 

• 4*427EtOI 

HILLS 
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0180-24071*1 


TaUeAl*! (ContfaiMd) 

RoUry Joint l^wer » 59W Megawatts 


SHTCHHA ouncTct • i.toes^ot 

SOiOTIQH SfSMiTS 


I ineuT ifficiiNCv 

t HIT C€tt tmcUNCy 
I coHvrtslOK £rry 

4 Sl. ktt fACTOfiS 

s SOS t-so*t 

i HIT iNEtUV CONV IffV 
7 kktkUlSt EfllCiEHCY 
a ANTENM4 POMES OlSTt gIFY 
f Mil oc-sr EfncUMCV 

10 lOEAl BI4H imClINCY 

11 NIT BtkH ErFICIINCY 
\Z IHTISCrPT EFFICIEHCV 

II RfCUUM^^ Rf-OC fc^MClIMC 

14 NIT »F UNS irfY 

15 DC-TO-DC EFFICIIMCY 
U DC-TQ-OSID IFFICIENCY 
17 QVERALl PHYSICAL IFFY 
la ARIA IFFFCTIYI IFFY 
If iLAMFIT ASIA 

70 AH1IHKA BIA 
II SIOUISIO SIOELOBI SUPPt 
II TAPES tiouitro roa st $u 

21 TRANSHltria POMES TAPIS 

14 tIClIVIS AYC/PIAA RATIO 

15 XMTS AVG/PEAS SAUO 
14 SIAM SPH'tAD FACTOR 
17 RADUTEO SF POMES 
la BIAH DIAHEUS 

If BEAM ASIA 

10 AVERAGE BLAH POMES DINS 
51 PEAL lUAH INUKSITY 
51 POMES IN HAIN BEAM 
55 SAtmiU UNGTH 

54 NJHaER Qf OAVS 

55 XHtS PMS P1S1S LOSS 
54 AdJ BAY USEFUL ARIA 
57 BAY SI/C 

5a SPS area 

59 HEAH SQIAS INSOLATION 

40 SOLAS ecu OUTPUT 

41 rotary joint CURRENT *A^ 
41 ROTARY JOINT CURRENT "8* 
45 total processed PONES 

44 TDUl UYSTRON INPUT 

45 TOTAL KLYSTRON OUTPUT 
44 NUMBER OF KLYSTRONS 

4/ MAX KIYSIRON PACKING DIN 
49 MAX «F POMES DENSITY 

49 NUMBER OF SUBARRAVS 

50 RCCTENNA area 


B.STfi-^ai 
U40II-01 
1.5401-01 
f .5991-01 
9.5951-01 
1.77SE-01 
9.54/1-01 
9,6SlC-ei 
8.743E-01 
9,75fE-0I 
9.0541-01 
9.474E-QI 
8.9 741-01 
a.ilSE'OI 
4. 374E-QI 
4.1951-01 
7. 5741-07 
7.C94E-0I 

7.7191^07 nZ i I.785CA04 AC8BS 5 

i.sooE^oo a« c i.un^do m i 

7.$3aE»0l 08 
1.7G7E+01 DB 
|.747E#0l 08 
I ,9471-01 
5.754E-QI 
\ .SSU^OO 

4.955F*05 MIGAMATT 

?.a79E«00 KH C 4.0451400 NT ) 

4.S14E#07 nZ « i.lf0l^04 ACRIS > 

9.795EtDQ MW/CM7 
4.?a6UQl HW/CM7 
4.481E405 MEGAWATT 
7 OU^OJ BAYS 
I . ?47E*07 bays 
1 .497E-07 

4.096E*05 H7 < l,0J7l^02 ACRIS I 

4.400E+7^ METERS 

7. >aSf *01 KM7 

\ .043E*07 GM 

l.74SE*0l GM 

9.547E404 AMPS 

5.414E+04 AMPS 

l.794E*05 MEGAWATT 

I . 1 T5E^Q4 MEGAWATT 

I , 0D7£*04 MEGAWATT 

1 . 591E +0$ 

8.995E »0D PER SUB 
5.9S6E^0G KW/M7 
7.555E*04 PER AN"' 

7./0dt^07 H7 { 4.4fU^05 ACRIS ) 


.M4 



D180-2407M 


TableAM (ContiiHMd) 




as4t an? THttnai 

• I.UUaOO 

RM/HR 






ac wtay? ^omc« 

• i.au€4#t 

SH/UHR 





$$ 

atiD fwtfi 

• T.svstaea 

SM ?0?At 






tana aitfa ttc? 

• 4.8CSI40T 

H2 

i 

l*4BBE4iA 

ACRES 

I 

%% 

•y- non or iNtitu 

• 8.RS8C4IS 

R6-H2 






TuaUST P$^ COOMCK 

» 4.7T8C^81 

NEUTOHS 

i 

1.4IIE48I 

LB 

> 

%y 

HUHStt Cf THUUSTttS 

• 4.578C4DI 

ret INS? 





sa 

CDHTtoi rouia 

• T.SCOC^Ol 

HCGAWA?? 






4NHUM. PHOrUiaHf 

• 7.^75£^0l 

TONS 

< 

S.47IE«04 

LBH 

1 


sTtucTute Has® 

« A.04S€^05 

TONS 

i 

B.418€«Q4 

LBH 

> 

ai 

CCHTftQl SYS «ass 

• l.405£^05 

TONS 

i 

5*04IE40S 

LBH 

> 


^QiAP eiaNiccr hass 

• 4*C8CE40A 

TONS 

i 

4.74A?407 

LBH 

I 

as 

roHtJ? oisrt HASS 

* I*?5;E^05 

TONS 

( 

2,7C5F404 

LBH 

I 

aa 

HiCH 4 utc a/j «asa 

• l.4S4t^C5 

TONS 

i 

S.5a4E405 

LBH 

) 

as 

AH? ^auc HASS 

• l*45QE*QS 

TONS 

i 

3.8714*04 

LBH 

1 

44 

AHT HAVEGUlOf HASS 

• !.548E*04 

TONS 

i 

5.0814*07 

LSH 

1 

47 

ANT alVSTaOH HASS 

• 4.«*4€^0T 

TONS 

i 

5.131E^07 

LBH 

) 

ia 

AN? CQNTaOi CirfS HASS 

• 7*SI2|407 

TONS 

i 

l.4S4l>04 

LBH 

) 

44 

ANT PHft DlSTt HASS 

« t.TSOE^OT 

IONS 

c 

3.45AE*04 

LBH 

1 

?a 

ANT PUP rtOCATC HASS 

• i,S54t*0T 

TONS 

c 

7.7?5€^04 

LBH 

1 

71 

AN? HASS 

■ S.U5E^04 

TONS 

c 

4.40SE407 

LBH 

i 

li 

sTauciy«E COST 

• 2.05JE-0I 

auttOH 





V4 

CQHTROl SVa COST 

• 4.Sloe*D5 

en.LioH 





74 

SOLAS aiAHAET COST 

• 7,554C^Q0 

BILLION 





7S 

fONCt DISTR COST 

• S»l40E-05 

BILLION 





?4 

HLCM4EUC P/J COST 

* 5.0S7E-05 

BILLION 





77 

ANT STRUC COST 

• 4.2UE-ei 

BILLION 





73 

ANT NAVCGUiDE COST 

• 8.S84E-01 

BULlON 





7f 

ANT ALVSTRON COS? 

* A.544C-81 

BILLION 





a@ 

ANT CONTROL CATS COS? 

* K4S8E-0I 

BliLlQH 





31 

ANT rUR OISTA COST 

• l.4C5€“Ol 

BUI ION 





a: 

ant PnR PRQC4TC COST 

■ 5.A31E-OI 

BliUOH 





6S 

ANT COST 

• 5*TO1E^0O 

BUIIQN 





84 

NO OT fRCIGHT FUGHTS 

■ 5.434E^Q5 






SS 

CREW SERVICE NO OF FITS 

■ 1.704t*0l 






84 

OrS COST 

* 8.0I0E-01 

BULIQH 





8? 

total transp cost 

• 4.084E*00 

flULlON 





68 

RECTENNA COST 

* 1.4hSE*00 

BULION 





84 

CONSTRUCTION COST 

« 1.054E400 

BILLION 





40 

INTEREST DURING CONSTf 

• l.UOE^OO 

aiLLlOH 





41 

LATITULE AREA FACTOR 

• 1.hJ4E^C0 






45 

TOTAL NASS 

« a.STOE^ON 

TONS 

1 

l.88U«88 

LBH 

I 

4S 

TOTAL COST 

• l.7?8E^0l 

BILLION 





44 

COST^ANI 

■ i.AOSE^OT 

4 





4S 

COST/RMH 

• 4.444E^01 

HILLS 
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tMtMA {Cmammi} 


VAiK > 2*MW^0« 


i iiMT iiM? irrrciiwy 
t mt cctt fFFiciEiieir 
1 MSic c9m^9%%mL trfT 
% M«aMtCT ruCTWS 
S MS I-SO-t 
s i«T €i^iesir ctm trrY 
7 MCAms€ wttttmn 
s MTSimA »istt frM 

9 l^f £ffl€t€t^9 

19 19tAt 9CM CfMCt£M9 

11 mt 9€Mi Emciturr 

12 INYCtCEF? tffititmt 

IS 9CCYCI9U M-M CEMClElie 
1^ «r tim. €ftt 
IS irMCICI^f 

14 £FflClC«CT 

I? 0VE9ALL rtlYSICAi EEFT 
14 SICS CrFECTlYE IFFY 
19 tiMKCT SICA 
29 ANYimA 91A 

21 ICQyliFS SiSCLOM 49999 

22 TA9EI iCMilFS F99 Si S9 
21 TlAMSfUTTFt 9tNi£i TA9E9 

24 iFtUVCt AV4/9EAK lATtO 

25 %mn AY4/9EAK I4T10 
24 9€Afl S9IEA9 FACfOt 
27 IA4IATE4 IF 9MEI 
24 itAII &IA4CYEI 

29 9EA?V AIEA 

S9 AVEtAGE SEAII 9^^! 9EI^ 

51 9EA4 4EAII INTENSITY 

52 9ME9 IN n^lN 9EAN 
SS SATE^tlTE lENSTN 

54 MHBEI OF BAYS 

55 xnri 9MI DISTI LOSS 
S4 ADJ 4AY USEFUL AlEA 
S7 BAY SIZE 

S4 S9S AlEA 

S9 »EAH SOLAI IHSOtATUNf 
49 SOIAI CELL OUTPUT 

41 TOTAIY .’OINT CUtlENT «A* 

42 K0TA8Y JOINT CUIIENT •S* 
4S TOTAL PBOCESSEO 90UEI 

44 TOTAL KLYSTtON INPUT 

45 TOTAL XLYSTIGN GUTMT 
44 NJNBEI OF riYSTIOHS 

47 r?AX KlYSTIDH PACKING OEN 
44 NAX IF PONER DENSITY 
49 NUNB'I OF SUEAllAYS 
S9 lECTEHNA AlEA 


9.S7M-4I 
1.441E-4I 
I.S44E-41 
9.S99i-4l 
9.S4SE-4I 
l.22S€*4l 
9.S47E-4I 
9.444E-4I 
4.24SE-4I 
9.4I4E-4I 
9,II4E *41 
9.724E-42 
9.9»«E-4I 
4.4. *E-4I 
4.4S9E-9I 
4.2S7E*4I 
7.44SE-42 
7.IS4E-42 

7.2I4E^47 N2 < l.74»«44 ACIES ) 

.2.S49E«44 KN € l.24S94#4 N1 1 

2.74SE^9I M 
I.SS9E*4I M 
I.SS9E«4I N 
t.YISE-Ol 
S.U7E'9I 
].574E«49 

4.9S9E«9S KEGAIIATT 

7.U4E«94 IN f 4.4S2E444 NI ) 

4.9SIE^47 N2 € 9.944€«4S MIES I 

i.ii4E«^oi mucm 

S.417E«^41 nu^cm 
4.491E«^4S NE9AIIATT 
2.20SE*D1 BAYS 
I.742E«^92 bays 
1.54SE-S2 

4.894E«9S N2 C I.4I2E02 ACIES I 

4.400E«^02 NETCIS 

7.70SE^0I KN2 

1.04IE>82 GN 

1.244E<^0I GN 

9,547E^04 ANPS 

S.4l9E^d4 ANPS 

1.794E^05 HEGAHATT 

1.174E«^04 HEGANATT 

1,001E«04 NEGANATT 

I.390E«0S 

7.S44E^00 PEI SUB 

5.035E«0D KN/N2 

2.905E«04 PEI ANT 

2,247E^07 nZ C S.4B2Ey4S ACIES > 


3i6 



DIM-2407I-I 

ORKIINAL PAGS £5 
OP POOR OITAUTV 

Table AM (Cbuttewd) 


$t 

9€49 MIT TiatMli 9M 

» 9.9418-91 

M/N2 




%t 

9€ t^Ti^T mmn 

• 1.8448A99 

MI/ttM 




SI 

9810 9mtC9 

« 7.4498#99 

9N TOTAi 




S4 

181^ 49€4 9€t 89CT 

> S.7I8C497 

N2 

€ 

I.4I1E^B4 

AC9ES 

IS 

•T* imi 09 |I^8TI8 

« 8.2S8€«I1 

K6-N2 




ss 

TII8UST 9C8 €091^9 

• 4.278€«9I 

N8MT0NS 

1 

1.4118991 

AS 

s? 

mnott Of TM80STE8S 

• 4.278C«BI 

PER INST 




ss 

cwTiOi miii 

• 7.889€«9I 

NESANATT 




S9 

AimiAi M09€ii4MT 

• 2.S72€^9I 

TWS 

< 

S.4718^94 

EM 

49 

srtocfotf MSS 

• 4.945E^91 

TINIS 

€ 

9.9I9E494 

ABN 

41 

CINIfiOt STS 08SS 

• I.482E«^92 

TCNIS 

C 

1.99I849S 

ABN 

42 

S0I.A8 OtMMCCT 04SS 

• 1.982€^94 

TINIS 

< 

4.7948497 

ABN 

4S 

raUEi OISTi NASS 

• |.228C«01 

TINIS 

C 

2.7978494 

ABN 

44 

ll€€N A Ci€C 9/2 NASS 

- S.S98£«92 

TONS 

c 

1.594E49S 

ABN 

4S 

MIT S^tOC NASS 

• 2.988E^91 

TINIS 

( 

4.499E494 

ABN 

44 

ANT NAVESU19E NASS 

• |.724E«e4 

Tims 

c 

S.904C«97 

ABN 

97 

ANT AiTSltlNi NASS 

• 9.441E^01 

TONS 

c 

2.I19E497 

ABN 

49 

ANT CMItOt CKTS NASS 

• 7.598E»92 

TONS 

c 

1.4SSE4B4 

LBN 

49 

ANT 9N8 0IST8 NASS 

- 2.121E«91 

TONS 

c 

4.4BBE49A 

ABN 

79 

ANT PII8 P80C4TC NA$S 

• 1.524E^ei 

TONS 

c 

7,/71E494 

LBN 

71 

ANT NASS 

• l.S12E^04 

TONS 

1 

7,7B4£497 

LBN 

72 

STtyCTUSE COST 

• 2.Q21E-0I 

iutimi 




71 

C0NT80A SYS COST 

> 4.1I0E-92 

8ULIQN 




74 

SOlAt BLANKET COST 

• 2.S24E^00 

RILLUNI 




75 

POI^EK 0IST8 COST 

■ l-ITTE’-oa 

BILLION 




74 

NECHAEiEC 8/J COST 

■ 1.118E-02 

BILLION 




77 

ANT ST8UC COST 

• 4.440E-0I 

BILLION 




79 

ANT NAVEOIftOC COST 

* l.955E#09 

MILLION 




79 

ANT KLYSTBON COST 

■ 4.194E-0I 

BILLION 




89 

ANT C0NT80L CKTS COST 

- 1.4S7E-SI 

BILLION 




81 

ANT PN8 01ST8 COST 

• 2.291E-8I 

BILLION 




82 

ANT PM8 P80C4TC COST 

• 2.411E-01 

BILLION 




81 

ANT COST 

« 2.559E^90 

BILLION 




«4 

NO Of F8EISNT FLISHTS 

« 3.142E^82 





85 

C8EN SE8VICE NO OF FLTS 

• l.807E«91 





84 

OTS COST 

» 8.464E-9I 

BILLION 




87 

TOTAL TRANSP COST 

> 4.145E^00 

BILLION 




88 

8ECTENNA COST 

« l.708€«0e 

BILLION 




89 

CONSTRUCTION COST 

• l.084E«00 

BILLION 




90 

INTEREST DURINC C0HST8 

• I.IAIE^OO 

BILLION 




91 

LATITUDE AREA FACTOR 

* I.AlTf^OO 





92 

total HASS 

« 9,015E«04 

TONS 

c 

1.992E49B 

LBN 

91 

total COST 

« 1.829E«01 

UlLLtOH 




94 

COST/KUE 

• 2*45IE^03 

4 




95 

COST/KHH 

• 4.5S7E^8I 

HILLS 
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mm^24ffrui 


TrtfeAl I (CoirttaiMd) 
Rotiffy J<N^ Rom » 7262 


OlMCYft VAtO€ « |.80«€^e0 

SOiMTim iiMiTt 


1 iiwf tNM? tmctiiicy 

2 tiiT CCtt 

I »ASIC CMVitSimi 
^ OiAHii? fACtOtS 

$ «es i-so-t 

4 HfT ANit^V cmnr srf¥ 

? ASiAKliC CrFICIlNCY 
o ANTiitNA Pont* oisft irrir 
f 0C-«f irFieiiMCt 

!• leCAl SCAN CFMCtCIKV 
II NCT SPAN CFMCtCNCV 
IHTttCC?? ifFIClCNCV 

11 iCCIIHNA tF^SC CFMCICI^ 
HIT tl IIHC IFFY 

IS DC-T0“0€ CFFICItNCY 

14 0€-ld-&fiI0 IFFICtINCV 
If OVCCAU PNYSICAI IFFY 

15 AtiA ffFICTtVl IFFY 
If tlANAir AltCA 

29 ANTIHHA PIA 

21 tCOUlCED SlPliOBI SUPFt 

22 lA^lt SIQUieiD FOB St SO 
21 TRI^NSnilTli PQHIS TArCi 

24 tlCClVtt AVG/PIAK iATIO 

25 YHTR AVe^^fAlt RITIO 
24 SIAN SPtlAG FACfOt 
2f 8A91ATI0 RF PQUCil 
29 SiAH DtAHIflil 

29 SIAN ARIA 

10 AVCRAGI SIAN PUNtS GINS 
It PIAC SIAN iNTIHStTY 

12 POUIR IN NAIH SCAN 

11 SATCltfTr tCNGTH 

14 NUHglR OF bays 

15 XNTR PNC DISV9 ..OSS 
14 AGJ bay USirui ARIA 
IT BAY St2C 

39 SPS AtFA 

19 NCAN SaiAR INSOIATIQN 

40 %Qixn CIIL OUTPUT 

41 ROTARY JOINT CURRENT "A* 
4? ROTARY JOIN? CURRENT •S* 
41 tCllAL PROCESSED PONER 

44 TQIAI RI¥S;R0N INPUT 

45 TOTAL RIVSTRON OUTPUT 
44 NUHBER OF ALYSTRONS 

4T NAX RIYSIROH PACKING GIN 

48 NAX RF PONER DENSITY 

49 NUNOtR OF SUBARRAYS 

50 RICTENNA AREA 


S.Sffi^SI 

i.i49f-ai 

9.1991^41 

9.49|f-S| 

1.2111*91 

9.1491*91 

9.?4ft-9l 

9.I4II-GI 

9.419l*9i 

9.9$SI-9I 

9.$t2E-0| 

9:922£ 91 
8. 348E-ei 
4.0T9E-0I 
S.S4;e^01 

7, IS2C-92 
4.TQ0E-02 

8.8SIE»GT W2 « 2.19ff^94 ACtCS 1 

1.0001*00 RN t 4.2141-91 HI 1 

2.2*4E«0| GS 
9.3ME*00 DB 
1 .000£*Q| 08 
2.04lt-0l 
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30 AVERAGE 9EAN POWER DENS 

31 PEAK DEAN INTENSITY 
37 POWER IK HAIN DEAN 

33 SATELLITE LENGTH 

34 NUHDER OF BAYS 

35 XHTR PMR DISTR LOSS 
34 AOJ BAY USEFUL AREA 
37 bay size 

33 SPS ARIA 

37 HEAN SDIAR INSOLATION 

40 SOLAR CELL OUTPUT 

41 ROTARY JOINT CURRENT "A** 
47 ROTARY JOINT CURRENT '*9" 
45 total processed POHER 

44 total klystron INPUT 

45 total KLYSTRON OUTPUT 
44 NOHBER of klystrons 

47 MAX KLYSTRON PACKING DEN 

49 KAX RF POHER DENSITY 
47 NUMBER OF SUBARRAYS 

50 RECTENNA AREA 


9.S77E-9I 
1*48U-9I 
1.349E-9I 
7*577E-91 
7*4714-91 
l*ai3E-9l 
f *347C-SI 
7*7S9E-91 
9.178E-91 
7*791E-0l 
7,0774-81 
7.447C-9I 
9.77aE-9l 
a.S77€-91 
4.3Q1E-01 
4.liaE-0l 
7.4l3f-0a 
4.f45E-0a 

9.851E407 Na i 7.197E404 ACRES I 

.|.400E^00 KN C 7,9421-91 Ni I 

7,4S7£#91 n 
l.aSIE401 DO 
1,751E«0I DB 
1.747E-01 
3.247E-91 
1.544E^OO 

S,733E«03 HEGAMATT 

9.777E«00 KN T S,45I€^09 NI I 

4.043E^07 H2 C 1,473E^84 ACRES ) 

9. 701 E ♦DO NU/CN2 

4,544E«QI NW/CN2 

5*3S4E^Q3 NEGAMATT 

2.70IE*01 BAYS 

a. uiE*ea bays 
a,47i£“0a 

4.076E«0S N2 f l,0iaE^92 ACRES ) 

4.40OE»0a NETERS 
7.447E^0L KN7 

1 .7?6E*0a GW 
I .530E40I GH 
1 ,177E40S ANPS 
4.334E404 ANPS 
a.J77E403 NEGAMATT 
I .41 ?£404 NEGAMATT 
I .70SE4D4 NEGAMATT 
1 .473E40S 
1 .3SAE401 PER SUO 
7.077E4Q0 KM/N2 
I ,857E*04 PER ANT 

3.379E4Q7 M7 ( 8.400E^03 ACRES ) 
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Dl«^3407t*l 

TMtAl l (OMitiMMd) 


eMSINAL PAOt» 
POOR QUAl JIY 


il PIAK AM? TMitHAi 
it IN£ HNlit 

it ttii Mni« 
lA tANi AttA l^li ii€T 
ii MM ©P IMittlA 
iA VMiUit tit COtMii 

ir MMitt 6t TNiytriii 
it CMitot tOMti 
if ANMAi tiOtiiAAMt 

At ittucrytt masi 
A i cMTiOl in MAii 
At iOlAi AiAMKtY MAii 
Ai toyft yiitt MAii 
AA MftH A iltc i/j MAii 
Ai AMT \rtyc MAii 
A A AMT MAVISyiei MAii 
A? AMT Ai¥..TtdM MAii 
AA AM? COHtKOl CATi MAii 
Af AH! th‘K MASi 

It AMT MAii 

?1 AMT MAii 

irtucTwnt cost 

?1 CQHIKOl $fS Ct>SV 
TA SOlAt StAMl^i? €OiT 
?i ruNtt DlstiJ rosT 
fA MtCHitUC COAT 

?f AKT ittuc casT 
TA AMT MAVl&yiOt COST 
ft AHf AiVifiOM CO$? 

AA AMT CONTtOl CATS COST 
At AMT PM« QtSTt CSS? 

AS AMT tut ftOCATC COit 
AA AN? CSS? 

AA MO OF TtItSNT FCtCMTi 
Ai CtlM SttViCt MO OF FiTi 
AA OTi COS? 

A? lOTAt TtANit COST 
AA tlCTfNNA cost 
Af CONSTtUCTISM COi? 
fO iMTTtrS? OUtIMO CSMiTt 
ft lATItUDl AilA FACtOt 
ft TOTAl MASS 
fi tOTAl cos? 
f% COST/AME 
Ai COST^KMH 


• I.MiifAA iM/Mt 

« A^im^ii MniMt 

« i.ATTI«Oi AM TOTAl 

« A.i?A€«i? Mi 

• I.AIAi^lA «-Mt 

ft f«AffC#Al NtUTCHii 

• f.AffC^il tft iMi? 

• t.AAilfAl MiAAMAtt 

« i.llAC^AI TOHi 

• A*fAOi*SS TOMi 

■ TOHi 

• A.fTfffAA TOHi 

• I.AAittil TONS 

« I.IIAtnt TOHi 

« |.fAAi«Ai TOMi 

• TOHi 

• I.IAii^OA TOMi 

n f.0Si€40S TOMi 

« l,5ftt»OT TONS 

• A.tAlt«Al TONS 

• i.Aill^OA TONS 

• t^AAOI-Ol AllllOM 

« AUllOM 

tk i.dfat«00 AIUIQN 

• A,?fAt OS AiUlON 

« S.AfAl-QS itUION 

• i»ffSI 01 itUIOM 

• A.ASAC-OI AlUISN 

• i.STlI-Ot itlllOM 

• l.ffAC-OI AlUIOM 

• l»^QAl“Ol SUIIOM 

• S.fiAF-01 SUIION 

• S«SI?€^00 AUilSM 

• S.iSII^OS 

« T.fOII«OI 

« A.iSAE-Ol AllltOM 

« A.ASSE«30 tmiOM 

9 S.AOOE^OO AUllOM 

« I.UIE^OO ttUSON 

• USSfF^OO AUllOM 

• UAlfC»eS 

» f.i0Al#OA TOMi 

« Ufs^i:«ot AUllOM 

• S*S^SE*OS f 

• A.lifC^Ol Mtlli 


I t.lltifiA ACiii I 

{ i.tiiifii Ii I 


t A.fiAC^AA liM I 
« T.Afsm? liM i 
( i.ffit^ii iiM » 
I A.AItt«Af IM I 
t A.eAn^OA IiM T 
I i.outns IiM I 
t t.Atti#$A IiM I 
( S,Alil#i? IiM I 
I t.lAAt^OT IiM I 
I UffSf^OA IiM I 
I i.O^ft^OA IiM I 
I f.ASAI^OA IiM I 
< A.TSli^O? IiM ) 


I t^OfAl^ii IiM I 
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Dt80-3407t-l 


TaMeAM (ContliMcd) 

Rotey Joint * 7362 M^i«tt» 


ANTCMNA D1ANE1C8 VALUE • ).A0«E«AA 

MLUTION ItMETE 


1 LltMT IMNtf tmclINCV 
t NET CELL £EflCICNCV 
» tAElC CONVUStON CFFV 
A ILAMKCT FACTOAE 
I tus l-SQ-K 
A MET ENIK6V COMV EFFV 
7 AtEAHI&E EmCIENCV 
• ANItNMA PQUEI BIET8 IPFV 
» MET #C-»r CFFICtlMCV 
IB IDEAL BEAN tFFICICMCV 
tt MET BEAN IFFICtCMCV 
12 IHTEBCEFT EFFICIINCV 
I) RECTEHNA BF-OC CF'ICICNC 
tA NET ir ..IKK CFF'^ 

IB 8C-TO-OC crriciCNcv 
lA CC-TO-CaiD lEFlCUNCV 
I? OVERALL FHVSICAl IFFV 
IB AREA EFFECTIVE EFFV 
If BtANKLT AREA 

20 ANTENNA OIA 

21 RiQUSRIO SIOEIOBE BUMR 

22 TAFtR RtqulRED FOR SL SU 

2j transniiter rower tamer 

2A RECIIVER AV6/PEAK RATIO 
25 XNU AVe-'F'fAR RATIO 
2A bean bpraaq factor 
27 RADIATfO RF ROWER 
2B BEAN ntAHEtER 
2f BEAN AREA 

BO AVERAGE BEAN POWER DENS 
}l PEAK BEAN INTEWSITV 
52 POWER IN NAIN BEAN 
}) SATEtilTE lENGTH 
JA number Of BAYS 
35 XNTR PWS DISTR EOSS 
SB ADJ bay useful ARE* 

37 BAY SI2E 
3S SPS ASIA 

3t MEAN SOIAR INSOLATION 

^0 Ctu OUTPUT 

JOINT CUt&INT ’•A* 
HQlAiV JOINT CUi«tNT *0* 
4J rOTAl PffOCT^SED PO«f» 

4% TOTAL AlVSTtOM TKPUT 
TOTAL AiVSrSON OUTPUT 

44 NUH3£^ OT ALYSTPONS 

4? HAY AIYSI^ON PACAINP, PEN 

45 HAY nf POUtR DINSIIY 
4f NUHl>£« OF SUeAtRAVS 
SO PECUNNA A^EA 


9.S4St-0t 

«At«de>0i 
f ,eiu-0i 
ff IOTi*0l 
f 

tf4Tn-0i 
4.3d4i-0l 
4 a1^3C 01 

T.04^€-0I 

a.asit^oT H2 c tfit7i404 actit i 

i.dooE^oo tun i ni i 

a.7S4t«0l M 
1.5J4E601 00 

00 

l.flSf-Ol 

5. 

I ,S#4E*00 

S.SSAE^OA HfOAMATT 

7. 4441600 %n i 4, 4301600 HI T 

4.4S4£607 HZ ( I.2I0C604 AC0IS T 

I.043C601 HN/CHa 

S,44a£6Qi HU/tm 

5.4|^|603 NEOANATT 

2.70IE6QI BAYS 

^.ii|t60^ BAYS 

^*061E-0^ 

4.044t66S Hi i lA0U£4da AC0E0 T 

4.40eC6Q^ HEUKS 

f.44?£*oi uni 

1.5?3E602 GM 

l.S>0E^0l GM 

1 . ual *QS AHPS 

4*0401604 AHPS 

^»|74E*0A Hr&ANATT 

1 6J4 HTGANATT 

|.^U4E«Q4 HCGANAn 

1 ,474E60H 

I , I^AEtOI riR SUB 

T*477r*ci0 ^U^HZ 

i,%su*0h PEP ANT 

^.7S4E*a7 HZ i 4*a43E605 ACtCS I 
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D1^240?M 


Tkbl»AM (0»iittMMd) ^ POOlt QU!4LR19 


SI nkt ANT THiMAt ^Nt 
it i€ OUff^U? ^ONlft 
Si Mid rONit 
SA tAHD AiTA MS ifCT 
Si NON OT INitTtA 
SA TNtUST Pit CQRNit 
ST NUHiCt or THtySTRftt 
Si OmilSOt ^ONIt 
if ANHUAl MOPUiANT 
49 STtOCTUtT NAiS 
41 tONTtOt STS HASS 
4t SOlAt ilANRI? HASS 
4i PONtt OlStS HASS 

44 HiCH A IlCC HASS 

45 ANT 

44 ANT NAVTOUIOr HASS 
4? ANT AiySTtON HASS 
49 ANT tOHTSOl CATS HASS 
4f ANT PMt OISTt HASS 
79 ANT PMt PtOCATC HASS 
Tl ANT HASS 
7t STSOCTUti COST 
?i CONTtOl SVS COST 

74 SOLAR SiAHKft COST 

75 PONfie OISTt COST 
74 HCCHlTLir t^J COST 
7? ANT STtUC COST 

?a ANT ^AVtUUlOt COST 
7f ANT tiySTtON COST 
99 ANT CONTROL CATS COST 
91 ANT PNt DISTt COST 
8t ANT PNt PtOCATC COST 

93 ANT COST 

94 HO or FtllOHT FllOHTS 

95 CtCM SItVtCt NO OF FITS 
34 OTS Cost 

97 TOTAL TtANSP COST 
93 tCCTTNNA COST 

99 CONSTRUCTION COST 

98 INTCtLST ONRIHS CONSTt 

91 LATnu0E AiJiA FACTO! 

92 TOTAL HASS 

93 total COST 

94 COST/KIU 

95 COST/AWH 


l,St9i>99 !N/Ni 
4*4491499 9N/UNS 
9*9921499 9N TOTAA 
7*954149? Ht C 

I *9191414 19^H2 
7*4991491 HINTONS < 
7*4991«9I Pit INST 
9*4431491 HiSANATT 
3*1541491 TONS i 

4*9491493 TONS t 

1*7191492 TONS i 

3*7791494 TONS « 

1*9391493 TONS « 

I*SI2I492 tons i 

1*4291493 TONS I 

1* 3991494 TONS t 

1*1471494 TONS i 

9*0»?l49t TONS t 

1.9171493 TONS < 

4, 2911493 TONS C 

3.4371494 TONS f 

2,4901-91 SULtON 
7,7371-02 9ULION 
3.9931409 OlUtON 
4.7791-02 91LLI0N 
5.1751-02 BUUON 
4.213E-9I 9ILLIQN 
9.3941-01 BILLION 
5.3091-01 BILLION 
2.0911-01 BILLION 
2. 9701-01 ilUlON 
2,9541-01 BILLION 
2*4931400 BILLION 
3.4971402 

I,999»:40| 

9.3*11-01 BILLION 
4.9341409 BILLION 
2.0701400 BILLION 
1*1991409 BILLION 
1*2441400 BILLION 
1.4191400 

9,9901404 TONS I 

2.0231401 billion 
2*2471403 • 

4,U7t40| HILLS 


1*7391494 ACitS I 

1*7311491 ii 3 


9*fS4i494 iiN 3 
1*9931497 liH I 
3*T9I149S AiN I 
9*3321^97 AM I 
4*9321404 IBH I 
3.334149$ AiH I 
3.1711494 LiH I 
3.9911497 liH ) 
2*1731497 ASH I 
1*9991494 LiH ) 
4*2241494 IBH I 
9*4391404 L8H 3 
7*1791497 ASH I 


2*2921409 LiH > 
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DI^2407M 


T»bte At4 

Rolify ^ 7262 M^watls 


OUKCtCR VAiyS « 2*009€^99 

SOlUTION ti$yiT$ 


I iietiT iNW tmcttHcv • 

t HIT €IU SrFSCIENCy • 

I MSI^ CmiVFtSlOli RFFV • 

9 9tAHIC€T FACTOtS • 

S W% l-SQ*« 

i HIT iHiieey coNv fffy « 

T AftSAyisF cmciiHcy « 

9 AHTEHNA FOliCt OUtR IFFy » 

9 H€T CFFtCieHCV « 

It l&€At itAH IFFlCUHCy • 

II NET 9CAH fFFiClfHCy • 

It iNIERCfFT EFFr*UNCV • 

li tlCTENNA tr**D€ EEFICtEHC * 

lA NET tE UNIt EFFV • 

1$ ©C-tO-OC tfftCIENCy • 

lA 0C-10-MI© tEFIClEHCt • 

U QVERAll FHtSICAl EFFV « 

IS AREA EFEEClIVt EFfy • 

If SIAHRET ARIA • 

20 AHTIHNA OlA • 

21 REQUIRED SiDElODE SUFFt 

22 lAFER REQUIRED FOR St SU » 

21 TRANSHITTER POWER TAPER i* 

2A RECEIVER AVG/PCAR RATIO « 

25 XHTR AVG/PEAR RATIO » 

2A BEAH SPREAD FACTOR » 

27 RADIATED RF POWER • 

2S BEAH OIAHETER • 

2f BEAH AREA • 

50 AVERAGE SEAH POWER DENS « 

51 PEAR BEAH INTEHSITV • 

52 PQUER IN HAIN BEAN 

55 SATEUItE lENGTH • 

54 NUHBC2 OF BATS 

55 XHTR PUR DISTR lOSS • 

5A ADJ BAY USEFUl AREA « 

57 BAY SUE • 

58 SPS AREA « 

5f HEAN SDIAR IHSOIATIOH » 

40 501AR cm OUTPUT • 

41 ROTARY JOINT CURRENT "A" • 

42 ROTARY JOINT CURRENT » 

45 TOTAL PROCESSED POWER « 

44 TQTAl XIVSTRON INPUT • 

45 T0T*l KtVSTRON OUTPUT « 

44 HUMBER OF XIVSTRUNS * 

47 HAX XIYSTPQN PACKING DEN « 

48 HAX RF POWER DENSITY * 

4f NUHBER OF SUBARRAYS « 

SO RECTENNA AREA » 


B,S79i-0l 
1.4011*01 
1.5401*01 
f .5ffi*OI 
f .4fU*0l 
l.2I5E*0l 
f .54fE*0l 
f .7f0E*0t 
8.lf7E*0l 
f.05fR*ei 
f .1511^01 
9.:45E*0I 
ft.f04E*0| 

0. 758.*0| 

4.45SE*0I 

4.2421*01 

7.5711*02 

7.0f5E*02 

a.05IE^07 Nt I 2.10744^04 ACRES I 

2.0QQE400 RN C I.245E400 NI 1 

2.84IE401 DO 

1.587E4QI DO 

l.587E«Qt DO 

1 .884E*0t 

5.010E*01 

l.iOQE^OO 

S.f53E+05 NE6AUATT 

7.272E400 XN C 4.5I9E«00 NI I 

4.IS4E407 N2 < |.024E«04 ACRES I 

|.5DfE40l NN/CN2 

4.f5dE401 HW/CN2 

S.454E405 HEGANATT 

2.70114^01 BAYS 

2. 1411^02 BAYS 

2.095E-02 

4.094E^05 H2 ( I . OUE^Ot ACRES I 

4.400E402 NETERS 

f,447E^0l XN2 

I.278E«02 GW 

I.SIOE^OI GW 

1. UOE^OS AMPS 
4.841E404 AHPS 
2.I7SE405 HEGAWATT 
I.4?2E^04 HEGAWATT 
I.20fE«04 MEGAWATT 
I .479E405 
f.4S4£^00 PER SUB 
4.2T5E400 XW/N2 

2. f05E404 PER ANT 

2.554£^07 M2 C 5.775E^05 ACRES ) 
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D180-2407M 


ORIGINAL PAGE 9 

Table AM ^Continued) ^ QUAUTYi 


St 

ANT TH88HAI 

« 1.2891490 

KN/H2 





%z 

0€ 0U78yr P0ME8 

« 4,475^400 

ON/L tHK 





51 

GtIO POHSII 

• 9.044E«00 

GN TOTAL 





5^ 

lANO At€A P€8 88CT 

• S.892E407 

H2 

( 

I.454E484 

ACRES 


55 

non OF INCtTIA 

• l*OIOE4l4 

RG-H2 





54 

THRUST PC8 CO»Nft 

• 7.499E«8l 

NENTONS 

i 

t.75lf«0t 

L8 

> 

5? 

HUH64R OF TNRUSTFtS 

- 7.499E401 

PER INST 





58 

CONTKOl POHCt 

• 9.445E«01 

HEGANATT 





55 

AMNUAl PROPCtlAHT 

- 5.154E«0l 

TONS 

i 

4.9S4E404 

iSH 

7 

40 

STRUCTURE HASS 

• 4.94CE^05 

TONS 

i 

l,695E407 

L8H 

} 

41 

CONTROL SYS HASS 

• 1.719E*02 

TONS 

i 

5,79IE405 

L8H 

I 

42 

SOLAR BLANKET HASS 

• 5,779E*04 

TONS 

1 

8.552E487 

LBH 

) 

45 

PONER DISTR HASS 

• 1.858£*05 

TONS 

c 

4.05?^404 

L8H 

1 

44 

HECH 4 ELIC R/J HASS 

■ l,444E*02 

TONS 

t 

5,4Z9E«0S 

LBH 

) 

45 

ANT S.TRUC HASS 

• 2,080=405 

TONS 

c 

4,409E^84 

LBH 

) 

44 

ANT NAVCGU18E HASS 

• I,72«E*Oh 

TONS 

( 

5,804E^07 

LBH 

> 

47 

ANT KLYSTRON HASS 

• l.U7E^04 

TONS 

i 

2,572E^07 

LBH 

7 

48 

ANT CONTROL CRTS HASS 

• 9.844€^02 

TONS 

i 

1 .999E«84 

LBH 

J 

49 

ANT PUR DISTR HASS 

• 2.276E403 

TONS 

i 

5.0I7E^04 

LBH 

) 

78 

ANT PNR PROC4TC HASS 

* 4.231E*05 

TONS 

i 

9.458E>04 

LBH 

} 

71 

ANT HASS 

• 5.359E404 

TONS 

i 

a.445E«^07 

LBH 

> 

72 

STRUCTURE COST 

• 2,430E-01 

6UUON 





75 

CONI»< Jl SYS cost 

• 7.757E-02 

BULtON 





74 

SOLAR blanket COST 

• 5.098t^a0 

BILLION 





75 

POWER DISTR COST 

* 4.730E-02 

BILLION 





74 

HLCM4ELEC R/J COST 

» 5.457v 02 

BILLION 





77 

ANT STRUC COST 

« 4.440E' ai 

BILLION 





78 

ANT WAVCGUlOE COST 

» 1.03SE*D0 

BILLION 





79 

ANT KLYSTRON COST 

» 5.303E~0X 

BILLION 





80 

ANT CONTROL CRTS COST 

■ 2.001E-01 

BILLION 





81 

ANT PWR DISTR COST 

• 2.4S8E«0l 

BILLION 





82 

ANT PUR PROC4TC COST 

• 2.954E“ai 

BILLION 





85 

ANT COST 

■ 2.755E^0O 

BILLION 





64 

NO OF FREIGHT FLIGHTS 

« 3.474E4G2 






85 

CRFN SERVICE NO OF FITS 

■ 2.IO0E+01 






84 

OTS COST 

■ 9.a5?e-Ql 

BULXON 





87 

TOTAL TRANSP COST 

« 7.154E+00 

BILLION 





83 

RECTENNA COST 

■ l.S25E^00 

Bit LION 





89 

CONSTRUCTION COST 

* l,260E^OO 

BULXON 





90 

INTEREST DUkIHG CONSTR 

• 1.295E+00 

MILLION 





91 

LATITUDE AREA FAC. OR 

• 1.419E+0Q 






92 

TOTAL HASS 

* 1.050E«05 

TONS 

c 

2.5I4E408 

LBH 

) 

95 

TOTAL COST 

• 2.075E^01 

BILLION 





94 

CQS1/KNE 

■ 2.2S4E^05 

% 





95 

COST/KWH 

• 4.250E+01 

HILLS 







DI80^2407M 


TaMeAM 

RotifyJoMtr6wer = 8544llegawatts 


imitmuk vAiae • 

sausTiM tfSttttS 


I tiatif irriciiMv 

z mi tttt crricici^y 

i MSfC COMV€tSIM iFFY 
« tiitllSCT r4€?«kS 

s aas i*sa*i 
4 ml tmKi ttmi frrv 

7 4t€4UtS€ CFFtCICMY 

8 AttrCMU atSTt (FFY 

f I^T K-tF £FFI€IFI^V 

18 ieC4t ££AK fFFIClll^T 
tl NET S£48 Zflttlimi 
IZ iHTEtCCFT CFMCtCl^Y 
IS tCCfCNNA Yf-8C CfFlClCM 

14 li€r tF ilHK (FFY 

15 ^-10-BC EFFICIENCY 
14 &€-I0-Ctt9 FFFICIEI^Y 

17 OYEtAtL PHYStCAt EFFY 

18 AtEA EFFEcrgVE EFFY 
lY iiANEEf A8EA 

78 ANTENNA 81 A 

21 KE^ttED SI8E108E SOPPt 

22 lAPEt tEQUlfiED FOt 5t S8 
21 ftANSNlTTEt POUEt TAPEt 

24 «CCEtYEft AY4/PEAS tATIO 

25 YHTt AYC^PEAE HATIO 
24 BEAN SPEEA8 FACTOft 

27 8A8IATE8 tF P8UE8 

28 BEAN DtANETEt 
2Y BEAN AtEA 

38 AVEtASE BEAN POllEt BEN^ 
11 PEAK BEAN INTENSITY 

32 POUEt tN HAtN BEAN 

33 satellite length 

34 iNTHBEt OF BATS 

35 XNTt PUB DISTt LOSS 
14 ADI BAY USEFUL AREA 

17 BAY S12E 

18 SPS AtEA 

lY NEAH SOLAR INSOLATION 

40 SOLAR CELL OUTPUT 

41 ROTARY JOINT CLRRENT "A* 

42 ROTARY JOINT CURRENT *B* 
41 TOTAL PROCESSED POMER 

44 TOTAL KLYSTRON INPUT 

45 TOTAL KLYSTRON OUTPUT 
44 NUNBER OF KLYSTRONS 

47 NAX KLYSTRON PACKING DEN 

48 HAX RF PONER DENSITY 

49 NUNBE^ Of SUBARRAYS 
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31 PEAR BEAN INTENSITY 

32 POWER IN NAIN BEAN 
S3 satellite length 

34 NUN8ER OF DAYS 

35 XNTR PL-R DISTR loss 
34 ADJ BAY USEFUL AREA 
37 BAY SIZE 

34 SPS AREA 

35 MEAN SOLAR INSOLATION 

40 SOLAR CELL OUTPUT 

41 ROTARY JOINT CURRENT "A" 

42 rotary JOINT CURRENT "B” 

43 TOTAL PROCESSED POWER 

44 TOTAL KLYSTRON INPUT 

45 TOTAL KLYSTRON OUTPUT 

44 NUNBER OF KLYSTRONS 

4^ NAX KLYSTRON PACKING DEN 

45 NAX RF POWER DENSITY 

49 NUNBER OF SUBARRAVS 

50 RECTENNA AREA 


B.sm-Bl 
l.401E'0l 
1.340E-01 
0.S99C>0t 
5.S9SE-4I 
I.201E-0I 
9.370E>B1 
9.722E-01 
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APPENDIX B 

STAGING COST OPTIMIZATION 
1.0 INTRODUCTION 

An optimization of the average operating cost as a function of staging velocity was performed as 
required by Task IV of the Part III work statement. The aim of this optimization was to utilize the 
mass, performance and cost data of previous launch vehicle point designs to develop parametric 
trends. These trends were used to determine the sta^g velocities that ’-^ould result in minimum 
costs per fli^t for both winged and ballistic two-stage vehicles. In addition, a launch vehicle with 
a winged upper stage and ballistic booster was evaluated using the parametric trends. 

2.0 METHOD OF ANALYSIS 

In order to simplify the analysis and reduce the number of independent variables certain perform- 
ance characteristics were fixed. Initial thrust to weight ratios for the first ar. 1 second stages were 
set at 1 :30 and .95 respectively. High chamber pressure ICH 4 /LO 2 engines in the 8.9 x 10^ 
newton (2x10^ Ibf) thrust class were used for the booster and standard SSME’s were used for the 
orbiter. 

The vehicles were sized to deliver a payload of 400 metric tons to a 477 km altitude low earth orbit 
(LEO) inclined at 3 1°. All cost calculations were based on a 14 year operational program with a 
400 fliglit per year launch rate. 

The method used to determine the vehicle sizing and cost per flight for a particular staging velocity 
is illustrated in Figures 1 and 2. Stage ideal velocity requirements for the given staging velocity are 
determined from parametric equations. These equations were derived from the loss data of previous 
vehicle point designs. 

The ideal velocity requirements are used in conjunction with the groundruie engine Isp’s and initial 
assumed mass fractions to calculate the propellant masses for each stage. Mass fractions are then 
developed from parametric equations using the staging velocity and calculated propellant masses. 
The new mass fractions are used to re-calculate the propellant masses. The sequence is iterated until 
the solution converges. The parametric equations for mass fractions were developed from the ballis- 
tic and winged launch vehicle point design mass estimates. 
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Qncv tbe ptopeUant qiu»titks and mas fractkHis are deteimined tht ast/fligitt can be devehsped. 
Tte of et^» and airframes come from life and refuibbduimrt criteria listed in Table I . 

The theoietiari Inst unit co^ ate generated frcmi tN parmnetrk relationships based on Boeing 
BaraiaetiK Coid Model remits for the ptevkms po»nt design launch vehicles. When the appropriate 
leamhtg emves vj api^ied to the TFU costs and the fti^t requirements, toe production and spares 
costs are proc^ucd for t>^ vatior^ hardware elements. The propellant costs ate calculated using tUe 
burden factors amt tuui costs as shown in Table 2. 

Ground operatuKts ^iid systems cost trends '.vete developed as a functkni of the number of engines 
from the previous SPS ballistic and winged vchkles cost per fli^t data. These costs are combined 
with the !i^'dware and propellant costs and .added to thc»e overhead costs which ate eaentialiy 
fl^t rate dependent, to give the total average cost per flight. 


3.0 OPTIMIZATION RESULTS 

The staging velocity optimization runs were performed for the frdlowing 2-sta^ vehkk options: 
Option # 1 ) Ballistic recoverable boc»ter and orbiter with a LCH 4 /LO 2 bo<»ter and SSME pow' 
ered orbiter 

Cation #2) Same as #1 except winged recoverable booster and orbiter 
Option #31 Same as #1 except ballistic recoverable booster and win^ orbiter. 


The remits of the stapng velocity optimization for a -MX) flight/year !4 year program are shown in 
Fipire 3. The options with ballistic recoverable boosters tend to optimize in the lO.tKK) to 1 1 .(MK) 
Ips staging velocity trelative velocity i ranee. The winged vehicle optimum staging velocity appears 
to be in the 6000 to 70(K) fps staging velocity range. The sensitivities to proix’llant cost variations 
were evaluated fora +25'7 and +50'.' change in the liquid methane and liquid hydrogen costs as 
stated in Table 2. The impact of LH^ cost variations on the Option 1 and »2 concepts are shown 
on Figure 4. The locus of the optiimini staging vckK'itics shows a slight increase in the optimum 
velocity as LH+ costs increase. The impact of LCTI4 cost variations, shown in Figure 5, has a slight 
reverse elTect as compared to increasevl LH^ costs. Tlie locus of the optimum staging velocities lor 
increased methane cost show's a slight deca'ase in the optimum velocity. 
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TMt\. UfeaadRefaitiAmnit Criteria 

AIRFWAtl^ 

C^O^LIFE » 300 FLIGHTS 

REFUABISMIKNT • 30K OF UNIT COST EACH 100 FLIGHTS 

REFLEN^MKNTSPMIES - ai8%C^ IMITCOST/FLIGHT 

ROCKET EIRilWES 
K^GNLIFE 
REFURBSMIENT 
REPLENISHMENT ^ARES 

AIRBREATt^R EI^IN ES 

OQIGN LIFE > IM>EFINITE 

REFURBISIMENT - 1SK IMIT 0>ST EACH SQO FLIGHTS 

REPLENISHMENT SPARES ' 0.10K OF imiT(X)ST/F LIGHT 


Tabtr 2. Unit Prop c Ban t Costs 


UNIT 



BURDEN 

PRCM»ELLANT 

PROPELLANT 

FACTOR 

COST S/kg 

LCH 4 

1.05 

$0,395 

LO 2 

1.05 

S0.037 

LH 2 

1.05 

SI. 534 


- INDEFINITE 

- 30% OF imiT COST em:h so flights 

- 0.50% OF UNIT COST/FLIGHT 
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MCEDIN6 PAGE BLANK NOT FILMED 
APFENDIXC 

LOW THRUST ORBIT TRANSFER SIMULAHON 

A sx-degree-of-lTeedoin orbit transfer sanulatton computer code was used to simulate the seif* 
powered miHt tranrfer cdSPS modutes from low Eartt mtut to feosyndirtmoiK ortrit. The impmt- 
aut features oi this surolatioD mdurfe fuB Aree axis calctdation of gravity gradients, determhution 
of ocodtatkm vrtien the vdikte passes tfuou^ die Earth’s ^adow, mi r^timal |dane <Aai^/altitede 
diange dmntu^ law and incorporatioii of a joint chemical/electric thrusting orbit transfer per^ 
fmmance. A summary Msdc diagram of the int^radng a%oritlun is shown in Figure C-1. 

Earlier studimmnidoymg simpler orlut transfer simulatkw codes had indicated that the i^tiroal trip 
time fmr the sdf-powered orbit transfer is about 180 days. The electric thrust requirml to mxmn- 
pl^ a transfer in diis lei^ of time is, in the case investigated, not sufRcient to contrrd the vehicle 
attitude whoi the orbit altitude is less than about 2500 kBometers. AcaMdingly, it was iwcessary . 
to sumdement electric thrust with additkmal chemical thrust during the early i^ase of the transfer. 

Pr^ninary analyses were conducted uang tte orbit transfer aide before the ftnistir^ algtmdun 
was incorp<»ated. These diowed that the mnount of total dtrust required to centred gravity gradi- 
ent was sensitive to various parameters including the (1) seasonal sun— Earth geometry, (2) the rela- 
tive orbit podtion compared to the sun position, and (3) dw ^>a(^»aft clock angle with reject to 
the orbit geometry. (The clock an^e is an angle of roU anmnd the sunward looking line.) These 
earlier results were reported in the Part 11 final report voluire 5. 

The results discussed here conddered a combination of sun ^ometry and orbit geometry that is 
nearly a worst case for gravity gradient problems. 

The selected calendar date was January 1 , 1 990, when the sun has just passed solstice. The orbit 
inclination was 30** with the orbit line of nodes oriented such that the angle between the orbit 
platK and the Earth-sun vector was nearly maximized. This causes the vdiicle to fly tilted with 
resp«;t to the orbit radius vector such that the gravity gradient is at its maximum value, as illus- 
trated in Figure C-2. The moments of inertia of the spacecraft are such that the gravity grruiient 
torques about die x and z axes are large. The gravity gradient torques about the three axes are 
plotted for the fir. xv of the transfer in Figure C-3 Note that the x and z peaks are separated in 
time such that gravity gradient torque is high during most of the orbit. 
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The thn^t and perfoimance law used establidied a ceiling value cm total thrust. Etectric thrust is 
aNMiys operated at the ntaximum available v^ue (for this analysis 2000 neutons per comer), cxwvpt 
during riunlow r-^riod^ when no ekctric thmst is available. Chemical thmst is u^ to auianent the 
totid ttirust up to the aUng vidue. During ritadow periods chemical thrust is used as reoutied to 
maintrilA vehkk attitude, but no transiattonal impulse is applied. The addition of chemical thrust 
at a lower ^vrdfic impute (400 seconds) rapkHy ddutes the i^t average total specific inrputse as 
ilhistiated in Figure C>4. The tramfer sinudalion code computes a itet integrated averain' elTective 
^lecitic imt^be. This metudes the chemical and electric mixing clYects and the lc»!»es of elTective 
tiinttt because of gravity gradients and sun occultations. This cumulative average ISP is a ^msitivc 
indicator of the elTective i^erforwance achkxed by the system under these transfer ctmditinns. 
Gravity gradient torque can be altered by changing the siracecraft clock angle. Ilien.' are probably 
variable<lock^ngle optimal strategies, bul these were not investigated. Simulations were run for 
approximately lb revs, to investigate the elTects of ^cecraft clock angle and the value of thrust 
ceihng. These results are shown in Figure C-S. For the particular sun and orbit geometry consid- 
ered. ‘he best dock angle was 60*’. t'sing this clock angle the tlmi.st ceiling was varied to detennine 
the t^timal vahie of the thrust ceiling, this was found to Iw' o(K)0 newtons per comer. 1 2(W0 
newtons ekvtric thrust and 4000 newtons chemical thrust). 


The specific impulse' history for the first res is illustrated in I'igure ('-6. This history shows the 
elTective s|>ccitic impulse (the instantaneous value of translation thrust divided by total propellant 
flow.) It alsii shows the cumulative average s|H'ctfic impulse Note that the elTective siHvific 
impulse gix's to rero when all tbnist is required for gravity gradient control or during ivcultation 
periods. The thmst ceiling law is used to set niaxtnuitn thrust unless more thrust than that is 
requited to control gravity gradient. In those cases, the thrust ceiling is violated and total thrust is 
made equal to the amount required to cssntml attitude. ,Msv'. if ilie tlmist ceiling is less than the 
available electnc thmst then the available electric thrust is used. 

Using the optinuini clock angle and thmst ceiling, a sunulation was run from LI i) to (.1 O. The 
results of this simulation are shown in Figure ('-7. Hie overall mass ratio was 1 I corresponding 
to the cumulative avera^' Isp of 2lX)0 sec. Although the propcHani rcquirenicnts an: somewhat 
greater than earlier estimates, this is ct>st-somponsated by the resluced trip time t llri days vs. 1 80 
days). 

This result does not represent an optimum transfer. Lme optiiui/ation of this sy stem is an cnor- 
moudy comples problem, involving at least the follow ing parameiers 
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I. Orbit transfer guidance laws 
Attitude strategies 

3. Attitude contad laws 

4. Thrusting algorithms 

5. Trip time and Isp 

6. Cheinical/electric blending vs, time 

7. Configuration arrangement optimization 

8. 1 he range oi departure' geometries, considering season and orbit orientation. 
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